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ABSTRA .ch.l

Several synthetic routesIWere i;vestigated'for thej
‘total synthesis of the antibiotic furanomyc1n Th}s
natural product had been assigned the structure 2(3) anino—

i

"2-[2, B\dihydro S(R) methylfuran 2(R) yl}ethanoic a<:1d
Early attempts in this thesis to form the desired B-C- gly-
cosides which would be transformed tocthe cis- dihydro—
furan glycine strnctune of the antibiotic involved alkyla—
;tions of 5- O trityl 2 »3-0- 1sopropylidene B- D7r1bofuranosy1
chloride and modified Strecker type syntheses with 2,5-
anhydro-3,4,6—;ri—9—benzoyl—2—allose and 2,5—anhydro—3,4ré—
‘isopropylidene—D+allose.‘ Several model reactions with
methyl 2 »y3,5- tri -0~— (methane and B—toluenesulfonyl) B- -D-
;ribofuranos1de and 1,3- diphenyl 2-(2,3-0- 150propylidene—
'ﬁ -D- ribofuranosyl)1m1dazolid1ne were investigated to -
introduce the 5 deoxy and 2 3 _unsaturated functions The
first approach which 1ed to the formation of a C~glyco-

syl ‘amino acid began with l,3—dipheny1—2-(2,3,5-tri-g-

benzyl—B-DFribofuranosyl)imidazolidine._ Hydrolysis of

- the N,N- diphenylethylenediamine protecting group gave

an intermediate»aldehyde_whiqh‘was treated directly

with sodinm cyanide and potassium carbonate foIlowed‘by,
hydrogen peroxide. The resulting 3,6;anhydro—4,5,7r—
‘triQQ—bénzyl—Q-glycero—ge(allo and altro)-heptonanide'
was treated with methanesulfonyl chloride followed by

displacement with lithlum azide to give the correspond—

ing a-azido amides. Acid hydrolysis followed by hydro—

v . N
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dfgeﬁation %y e pd-C gave 2-(R and‘S)-aﬁino—Z—(B—2~riBo-.H
- furanOSy&zcthanOic acid. In a continuing study to -

.Iorm th fﬁquifed C—glycdsyl amhm,acid‘ the aldehyde~
vﬁgenerat Q by m1ld acid hydrolysis of 1,3- diphenyl 2—

u(2 3- leglhenzyl 5-0-trityl-f<D- rlbofuranosyl)imlda—

~zolidiny ®5y treated as prev1ously described to give a’mix-_°

 £ure ofR 3*9 anhydro 4, 5 di-0~ benzyl D- glycero D- (allo and
altro)\¢€p§0namides. The amide and 2- hydroxy.functions
wvere P%/tﬁdted as the N Oz-iso;ropylldene derivative. Re- d
action /f a_free 7-hydrcxy'group with methapesu}fonyl
chioriQ/'Egllowed by displacement with spdiuﬁ iodide and
reductxyn Wwith hidrOgeﬁ over Pd-C gaveﬁtﬁe desired 7-de-
oxy de§}VQ&ive Simultaneous solvolyeis of the isepropyli—
dene amﬂ Qdude functions was affected with ANGC(H ) resin
in met} 834, Mesylation of the free hydroxy group gave
‘methyl i Qanhydro—4 5-di—0—benzy1-7-deoky—2—0—mechane;
1fony} ’m/glycero—D (allo and altro)- heptonoate. -De-
_benzyl\&iﬁﬂ, OllOWed by reaction with diimidazole ‘thig-
v'carbon\fe gave the 4,5~ thlocarbonato derivative Reductive:
elimin§&ng1w1£h tri;ethylphOSphite' (Corey-Wintec.pro—
cedu;e3 AU methyr 3,6—anhydro—4,5,7—tfideo;y—2;g4meth€
anesclxﬁabjgn (ribo ahd:acabinc)—Heﬁt—A—enoece;  Attémpts'
‘to disb%JQg the 2-0-pesyl’ function with azide were unsuc-
cessfuq/. jn an aleernate'approach,vacid hydrolysis of 1,3-
dipheny% Qf(S-O benzyl~§f% 0- isopropylidene B D~ rlbofurano—
;syl)im kW§911d1ne gave the free aldehyde which was“
treate\I N bQIOTQ to ggve 3 6—anhydro ?—; benzyl 4,5-0~

1(sopvrob7\1{‘j ne~ ,Q\glyccro D (3110 and altrq) heptonamide4
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After protection of the Z*hydroxy function with acetlic
:‘anhydride, the 7-deoxy derivative was introduced by |
the foilowing series of reactions, debenzylation folloved
‘by mesfﬁation; displaeement with sodfum iodide and re-
duction of the iodo intermediate with hydrogen over Pd-C..
-Deprotection of the 2-acetyloxy-derivative-with methanolic
ammonia folloyed by mesylation and displacement‘with\
1ith1um azide led‘to the foruation of a key intermediate,
3,6—anhydro¥2—azido—2,7iﬁideoxy—4,S-Q-isopropylidene—

D—glycero-D—(allo and altro)—heptonamide. Concomitant: sol-

T~
volysis of the amide and isopropylidene functions was

achieved using ANGC(H ) resin io ‘methanol. The resulting
a—azido _egster was treated with diimidazole thioc;rbonate
to give the 4, 5 0- thiocarbonato intermediate._ Reductive
elimination of the thiocarbonate function with trimethyl—
phosphite gave accompanying reduction of the azide
function. o

- Hydrolysis of this intermediate with 1N sodium .
hydroxide gave the desired products 2 (R and S)-amino -2-
[2 5- dihydro S(R)-methylfuran 2(R) yl]ethanoic acid.
This S—a amino product, however;>was not identical to the
natungl'antibiotic, Further collahorative.studies resul-

ted'in_the‘assignment of furanomycin as 2-(S)-amino-2-

[2,54dihydro-S(g)—methylfuranfz—(§)¥yl]ethanoic acid.

S . Covid
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I NTRODUCTTION °
. 7

9
I

Midrobes produce substances that can interfere with

the normal function of other microorganisms. These in-

hibitory substances are called,engibiotics. Antimetabo—-t

lités, which include cghemically synthesized substances,
. ; .

-

‘are inhibitors'that intetfere with mammelian‘and/or
bacterial celi metabolismISuch as the inhibition of an -
enzyme (usually in a competitive fashion) 1-5 'Competi—
tive inhibitors are thought to combine with an enzyme ‘at
the same site'as the natural substrate, compete with the
_latker and prevent the utilization of the normal substrate.
Antibiotics c;n disrupt metabolic pathways by .

several mechanisms:
; :

,
. . -
. ~ : .

(a) _inhibition.of:celi wdll synthesis (e.g.‘bacitracin,

AN : - . .
cephalosporih, penicillin, cycloserine, ristocetin,

#
.-

(b) inibition of cell membrane function (e.g.‘amphoteri-"

ﬁancomycim)

cin B,-cblistin;'nYStatin, polymyxih)

+®
kY N, !

(e) 'inhibition of protein biosynthesis (e.g. puromycin,

’ chioremphenieol,-erythromycin, lincomycin, tetra-
Co - L : L . ‘ .

.cyclin,_emikacin,vgentamicin,'kanamy in, neomycin;

e

7

streptomycin, tobramycin)

o



)

- (d) inhibition of nucleic acid biosynthesis (e g naliﬁ
dixic acid,'novobiocin pyrimethamine, sulfonamidés,

‘ trimethoprim, rifamp1c1n, actinpmycin, mitomycin,

[aY

halogenated pyrimidines)
14

Y
9

- Furanomyc1n,'an antibiotic isolated from culture

filtrates of Streptomyces ° L 803 was sfound to be a com-~

t, . J

petitive inhlbltor of L~ isoleucine incorporation. The

3

physical ‘and spectral data obtained for the- natural
antibiotic by Katagiri ‘and co- workers in 1967 and the
Lchemical synthes1s of racemlc furanomycin achleved by
Masamune and Ono in 1975 led these workers to assign.
the structure of furanomycin as 2(S) amino 2-[2,5~--

dihydro S(R)mmethylfuran 2~ (R) yl] ethanoic acid. It

<

was of interest to chemically synthesize thiJ;antibiotic

I3

from D—ribose since the stereochemistry had not peen

il

defined clearly. R L

A'Brief'History of Antimetabolifes

+

The fundamental con&ept of antlmetabolite activity
‘wis described by Ehrlich 6 as early as 1906 when he

suggested that At ahould be possible to use substances



’ 23
toxic to infecting organisms but not to human cells.

During the 1930-1940's studies by workers such as‘

' 7,8

FQerster, Domagk and Woods led tp-theéggsepvation

that sulfunaﬁidos (1), which are structurally related

&

SO,NHR

o]

to p-aminobenzoic acid (a required vitamin for certain
bacteria and other microorganisms in the synthesis of
folic acid), effectively inhibited the growth of

bacteria including streptococci and pneumococci.

'The therapeutic use of penicillin (2) by Florey

i

IR

- .and Chain g.iﬁ 1938, several years after its.discovery
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by Fleming 10 in 1929, heralded what is described by many

as the "Antibiotic Era". The term antibiotic, as defined
today, was orfginally introduced by Waksman 11 in 1942.

Streptomycin (3) was first reported in 1944 2 and .

- _ NH
3 . R=NHC-NHp

- represents one of the first members of a new class 'of

antibiotics called aminoglycosides. Even today, it
remains as one of the preferred drugs in the treatment
of tuberculosis. ‘A detailed mode of action for strepto-

mycin has been reviewed by Tanaka.él Dutcher 13 has -

i

classified the glyéoside antibiotics into six subgroups:
" (1) those completely carbohydrafe.iﬁ-natufe, (2) those

carbohydrates with unusual amino acids, (3) macrolide



5.
antiﬁiotics; (é)fpigmented glycosides, (5) nucleoside -~
antibiotics and (6) polyenic.amino sugars. " The class-

ification and chemistry of these . glycosides has been

the subject of several*’articles.llhl5

Diverse classes of antibiotics were discovered,

such as polymixin and chloramphenicol 16’;7 in 1947,

chlortetracycline 18 in 1948 and erythromycin 19 in \

1952. 4%The stfuctuxal relationships, resistance mechan-

isms and biochemistry of these a;d other antibiotics
have beeﬁ.discussed in detail.zo_zs

The study ana identification of(nucleoside anti-
biotics began with the isolation of cordyﬁepin 26 (4)
;n 1951. Maﬁy examplegwpf der;Vatives and aﬂalogues

1

of adenosineA(i) or cytidine (6) appear as nucleoside

NH2
Nz
OCL\.T

H 0 :
. R
OH . - HOq o
8R= ‘
5 HO OH

e
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antibiotics.27 Two main classes can be distinguished,

the aminoacyl nucleosiqes which act as inhibitors of
L

-

" Protein synthesis, and the adenosine‘analogues which
act as antimetabolites of adenosine. Related to these
nucléosides is the family of antibiotics known as the’

' polyoxins (7). Of the twelve polyoxins initially isolated

o

| CHZOH COZH, CH3

R
l R2== 3—Ethylidene—L—azetidine—Z—

carboxylic acid \\\\‘//

‘R, = 5-0O-carbamoyl-2-amino-2- ~deoxy-L-
xylonic ac1d or 3-deoxy deriva=
tive

HO OH

|~

and elucidat:ed,zg;30 most are selec£ively tokic.to fungi

'Eue‘have no inhibitory activity towards other erganis@s.

The cﬁemist;y and biochemistry of the nucleoside anti-

biotics has been.reviewed'extensively.‘?'S’27’28"31—33
The identification Af pseudouri&ine (8) in t4‘

Rﬁ; 34’35'was lelowed by the isolatioh'of-several

oeher C—n.ucleosvides’.‘28 whleh show. antibiotic actlvity.

The structures, chemlstry and biochemlcal propertieS'

of these antlblotlcs such'as formyc1n (9), oxazino-

mycin (10), pyrazomyc1n (ll) and showdomycin (12)

-has stimulated con31derable interest in new research

'1



Furanomvcin = Isolation and_Structure

.An antibiotic isolated from culture filtrates of‘
Streptomyces L-803-Vas found to inhibit the gronth of
» coliphage T2. The active principle, designated as
| furanomycin,36 decolorized aqueous permanganate and‘///
bromine solutions, showed ~an absorption maximum at 196
‘nm and readily absorbed one mole of hydrogen. These
facts indicate the’ presence of a.double bond: Furano- -
mycin as ueligas the dihydro derivative gave a positive
ninhydrin test. This, together with the observation
‘that the circular dichroism spectra show positive

Cotton effects for both compounds suggests that: furano-
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8.

mycin is an L-a-amino acid. The PMR spectra of furano-

v

mycin displaYedza doublet at 6-1.33 (J = 6.4 Hz, 3) for
a secondary methyl group, a doublet at & 3.82 (J = 2.6

Hz, 1) for a proton of an a-amino acid, a quintet at

8 5.19 (1H), a multiplet at 8 5.42 (1H) and an AE quar-

‘tet at 6 5.83 and 6.16 (J = 6.3 Hz, 2H) characteristic

e,

. : s o
for double bond protons. This data is consistgnt with

the pfoposed structure for furanomycin (13) or its -

diastereomef (lﬁ). By means of chemicai aegradation,

COH C O,H

N
)\5

| ' ' |
: .

~
s

’ fﬁranomycin was coﬁverfed to 2—hydroxymethyi—S;metﬁyl—
 tetrahydrofuran. This compound wds chemically syn—‘
thesized énd'proved identical to that der&ved from
_fufanoﬁycin.' This confirméd fhebbagic;cqrbon.skeleton.

Proton, spin deéoupling experimqnts'on.ig indicated a darge -

coﬁpling cbnstapt (£§—6 = 5.7 Hz)ﬁbetweép,H3 and H6'

which is consistent &Eth_ciS'substitution on the

b

2,5-dihydrofuran ring. it'was_conc}ﬂaed that furano-

e
I

mycih was 2(§)-amino-2—[2,5?dihyaro—5(g)-methylfuran;
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2(R)-yllethanoic acid (lz) or its diasgereomet (lﬁ).

Biological Activity
'Furanomycin inhiBits the growth of Several micro~

organisms. The inhibition of growth of Escherlchia

coli H by furanomycin (O 5 - 2 uM) was found to be
reversed by isoleucine, valine and to a lesser extent,

leucine. All other amino acids tested for reversal

exhibited no effect. The ratio of conceqtration of fur-

énomycin to isoleucine (0.1 - 10 uM) for complete inhibi-

tion of growth was approximately ten. Valine (0.2 - 0.5

uM) was as effective as isoleucine in reversing the in-

hibition at low concentrations but was ineffective at
higher concentrations. Thus, it is thought that the

mechanism of reversal is different. for thevtwo amino acids
The studies indicated that furanomycin is a competitive

inhibitor of L isoleucine utilization.

'
o

Currently there are several known antagonists of iso-

37,38

leucine. These include leuc1ne, methallylgly—

39,40

cine, -dehydroisoleucine,412 (R,S)- amino 2 (cyclo—

hexene-4- (R S) yl)ethan01c acid, 42 2- (R, S) amino -2-(

cyclopentene 3(R S) yl)ethanoic acid, 43 cyclopentane-_

glycine,44 O-methylthfeonine 45; and B hydroxyleucine.46

It has been suggested 36 that bgcause of the structural

Rl

similarity of furanomyc1n to cyclopentane glycine one
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might postulate a similar mode of action. Cyclopentane
glycine had been determined to prevent the growth of

Escherichia coli at concentrations of 20 - 30 'ug per 10

ml. Of the common amino acids utilized in protein biosyn-
thesis, only isoleucine, leucine; valine and threonine

reverse the toxicity of cyclopentane glycine. A ratio
of 1n51b1tor to isoleucine of approximately thirty was

requir@d to. produce complete 1nhib1tion with concentra-
-tions of isoleucine varying from 3. - 300 ug . per 10 ml. At
' higher concentrations of isoleuc1ne (300 - 3000yug per 10
,ml) this-ratio-dropped to ten. The effect of 1eucine or .
valine on reversing the inhibition by cyclopentane gly-
cine is decreased in the presence of isoleucine. " The
results with valine and leucine may be related to the
;suggestion-that these‘substances furnish some limiting
- precursor for the biosynthesis of isoleuc1ne. It is also
possible that at higher concentrations, valine and leu—
cine may displace ‘the inhibitor and s;bstltute for iso—
leucine in someeparticular function.“‘The reversal of .
Cyclopentane‘glfcine'iﬁhibitidn’by' a-keto-B-methylval- -
eric acid; the'keto analogue of isoleucine; was also
StUd{ed.4 It was suégested that‘the keto acid was a pre- ¢

cursor for isoleuc1ne and- also performed some other

~function essential,to.isoleucine'metabolism.
It is interesting to note that(an’antitumor anti-
R o 4 SO
gﬁiotic closely resembling furanomycin was isolated from
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Streptomyces suiceus. 47_49 The active substance, 2(S)-

amino-2- [3- chloro 4,5~ dihydro 1soxazol 5(S)-yl]ethanoic

acid (15) was found to be a powerful inhibitor of mammal—

COZH

&)

ian and bacterial reactions involving,transfer of nitro-
gen‘from.L—glutamine. This inhibitor prevented the
utilization of L- glutamine by L- asparaglne synthetase
in mouse pancreas and tumor tissue in XEXR and in vitro. -
The resulta fromvthe-ig‘vitro Stunies indicated the in-
,hibition to beicompetitive:in nature. |

A family uflantif.ung'al an“tibiotics, the pol}dixinéso

.(7) produced by Stregtomyces cacaoi var. asoensis

also appears to be related to the structure of furano—

' mycin in some respects._ The b1010gica1 act1v1ty of

)
. the polyoxins 1s unique in‘that they are specifically
inhibitory to phytopathogenic fungi but lack activity
ragainst ‘gram p051tive and gram negative ‘bacteria.

~

'Studies indlcated that uptake of" glucosamine ‘was inhib—7

't ited by the polyoxins. vThlS sUggested that the site of

actiqn.may be related to cell wall chitin synthesis‘-
since glucosamine must be converted to uridine diphos—

phate N acetyl glucosamlne (UDPGlcNAc) before incor—
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poratioo ioto chitin. It waS-suggested ;hat polyoxin p
and. L may'indeed be structurel analogues-of UDPGlcNAc.
The kinetics of dinhibition ha@e been showo to He_com—
petitive and the blockage is”reiersed:extensivelyjby dr57
peprides such as glycyl-g,g—valioe eno Q,ELalanyl—.

)
glycine.

-

Synthesis
50 _ -.
Masamune and Ono - reported the synthesis of race-
mic furanomycin in 1975 as shown in ‘Scheme I. By

CHpOCOCHZ CHR0COCH3
N OH

SCHEHE 1

'~-means of a limited Birch reduction on 5- methylfuroic

acid they isolated cis-5- methyl—2 5-dihydrofuroic

J

acid (16) in approximately 404 yield The acid lé,was“

~ S
converted to the acid chloride which:dﬁs treated with
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'paper chromatographi, TLC‘andfPMR.spectroscopy.

because their .product was a racemic mixture of D and L

13.
diazomethane end acetic acid to give the ketoracetate £
(17). 'i‘he' derived .oxime 18 was ,vobtai_ne.d in gverall yield of
47% from ig. The oxime acetaten(lg) was blocked with di-

hydropyran and treated with assium carBonate to give”

the alcohol (19). This alcohol was oxidized to the

acid and treated with diazomethane to.give the methyl
ester (20) in 77% yield. The tetrahydropyranyl ether

‘was deprotected with acid and reduced with aluminum

3

amalgam to give the ajamino,estefﬁ(gi),(BZ) after chrome—

tography, identicai to that derived ftom furanomycin.

:The'hydrochloride of this. a-amino ester was hydrolysed
. in base and purified by paper chromatography to gi?efg,g-

.furanom}cin (69%), identical to an authentic Sample by

A - 4

‘The ebsolute confightation stiil remeins onknown

~ \ . ARS

furahomycin., A stereo—defined syntheeiS'of furano--

. ~

mycin from D ribose would determine the axgolute con- -
r\
figuration without question. Such a prOJect would in-

valve aspects of both c- glycoside and a-amino ac1d

gynthesis. R

“Survey of C-glycoef%es'v

. As early as 1850,‘C—giyc03yl compounds were isol-

ated from plant sooroes. No definitive work on struc=

ture determination.appeared_untii the 1950's when
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Muhlemann 31 proved the structure of‘Barbaloin to be

<

a C- D-glucosyl derivative of 1,8- dihydroxy 3 (hydroxy—

methyl)anthrone. Haynes 52 >3 has reviewed the early

history of isolation and structure determination of C-

carbohydrate derivatives reported orior to 1965 such as

o

Anthrocene, Bergevin, Mangliferin and Cc- glucosylfla-

vones.
Recently Cc- nucleosides isolated from natural sources

have received much attention because of their similarity

. to normal cell‘metabolites." Many of these nucleoside

T
~

.analogues show antiviral and antibacterial'activity and
can be employed as imoortant tools in metabolism studies.
Stimulated by these results nany new methods for c-
leCoside synthesis have égCently been develooed.ﬁRe;.
views by Hanessian-and_Pernet Saaas Qell'as Daves’ and

- Cheng Sép outline andoevaluate:current procedures in
tnis area; Altnough several-indirect‘rontesiare des—l

. cribed, there are'four general methods that prove to

be Synthetically useful: |

Y

1. B-D- ribofuranosyl Cyanide

\ .
0

One of the more widely used starting materials
jdirectly incorporating a B -C~ glycosyl functionality
is 2, 3 5-tri-0- benzoyl B-D- ribofuranosyl cyanide (22)
developed by<Bobek and'Farkas.55 Functionalization of

the nitrile was’ achieved by Moffatt and co workers 36 by
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Bz0 0Bz RO OR
Q S _ 23 R= Bz, Bn.

reduction to‘the imine and spontaneous hydrolysis to the ‘\
aldehydeinhich uas.isolated‘as its N,N—diphenylethylene— |
diamine{derivatiye 23. The free aldehyde, generated by
‘ mild acid hydrolysis, ‘proved to be ‘quite versatile in
the synthesis of many C nucleosides This was accomp—'
lished by reaction of the aldehyde iith sodium cyanide
and hydrogen peroxide to-give an a- hydroxylamide deriva—
tive,57 by reaction’ of the aldehyde with Wittig reagentsss

-

or by elaboration of its oxime derivative_;-59

[E

2. Condensation with Carbanions

Because of the known problems w1th 1, 2 0~ ketal
formation 60 encountered in reactions of glycosyl
halides with carbanions when a C 2 participating group

is present,“sugars used in these condensations re-

I8

.quired benzyl or iSOpropylidene protecting'éroups. Tri-::
0~ benzyl 61 (24) as well .as 5- O-trityl 2 3 O 1sopropyli—‘
.dene B D—ribofuranosyl chlorider62 (25) bave been con- ) ‘§
'”densed with sodiodiethyl malonate and its derivatives |

q



‘products at C-1.

vthe B—anomer.

9 s > Co .

It is interesting that this reaction with 25 gives\pre-
k]

dominantly the o anomer, implying it 48 the . thermodyn-

" 62-65 &

’amicallgrmore stable product - under the revers-.

ible reactiod?conditions; Tri O-benzyl ribose has also

been reacted with Grignard reagents to give alkylated
66 '

.

3. Wittig-Reaotions

“The most versatile route to C- glycosyl ethanoic

o

-acid derivatives was achieved by reacting 2, 3 -0~ iso-

!

propylidenevribose derivatives and 2 3'5—tri-0—benzoyi "
ribose with substituted methylene phosphoranes.67'Tbis

»>

iresults in predominate if not exclusive formation of

7‘ !(?

<o

'-4. Condensations Employing Lewis Acid Catalysts'

!

In the first“reported synthesié‘of showdomycinv
, . ’ L4

'Sorm and - COﬂﬁmker§8 coupled sugar.halides witbil,Z,S—

-trimetﬂoxybenzene using zinc okide‘as_Catalyst.'The

coupled‘produot was ozonolyzed to give an -a-keto ester -
: _ : :::‘:.:7 . N .
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. followed by a Wittig reactio;'and ring closure to the

nucleoside. Several aromatic C-glycosides have been

prepared by Kalvoda 69 and Ohrui 70 using'Lewis acid
‘ catalyzed couplings. ‘Condensation of 1-O-acetyl ribose
derivatives with sil?l enol ethers and silyl ketone
acetals catalyzed by stannic chloride produced C-glyco-
syl compounds,71 It is noteworthy that mixtures of
anomers were obtained'under these acidic conditions.
More recently, diverse methods'have been employed
to synthesize C—glycosylocompounds.5 Attempts to pre-
pare 2,5~ anhydro -D- allose derivatives by diazotization

of c—-amino- 2 deoxy pyran031des have been studied 2

B

Isopropylidene ribose and nitromethane. have been con-
densed to give a and B~ ribofuranosyl nltromethanes in

low yield.rkln the preparation of several C- nucleoside

analogues;B-g—ribofuranosyl ethynes,74,propiolates 73

and 3—cyan0f2—pr0penoic acids have been described.76
Chain. extension and chain branching reactions in car-
, bohydrates by Grignard reagents, Wittig reagents, base
-catalyzed aldol condensations and displacement with
carbon nucleophiles, have been reviewed in detail. 7,79
{Several noyel approaches have'redgntly been de-
:veloped in an attempt to form'C-glycosides,from non-
carbohydrate precursors., As,early as 1973, Just~and

co-workers 80, 81 reported.work.On the Diels—Alder‘
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addition of methyl-B-nitro acrylate with furan. Chemical

modification of the adduct 26 evehtually gave racemic

X Y COpCHz o oH

N 1. OsO4 ‘l.>03
2. i, | O 2. NaBH,
- —— it R
3. DBU d. 104' ,
, . o 0 - | 0 0
26 X,Y=CO0,CHz,NO, x )Q
0 27

2,5-anhydroallose (gZ). Alsimifar series of reactions
beginning with cyclopentadiene gave the Ca:bécyclic

analogues. These derivatives were employéd in the forma-

. | ‘ g9 |
tion of yseveral 'racemic C-nucleosides. 2-50 . Schmidt

and Lieberknecht 91 have developed an elegant chiral

. ' r
. synthesis of D and L ribose derivatives 28 starting

with 28a, the Diels-Alder adduct of'vinylene’carbonape

S

[4

HO,C  CO,H HO,C  -CO,R

1. Oso4 I

2. H ,acetone 'l"ACZO_ 0
+ " - - : N M’

3. Ba(oM), 2. ROH

4. mﬁwa_
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and furan. In a'similar series of reactions other
.workers have treated 1 3 diethoxycarbonyl allene 92
w1th furan to give a racemic product(29a) that was further

modlfied to give the key intermedlate 29 in their syn-

.thetic scheme. Tetrachlorocyclopropane was reported93
EfOzC : COZEf
N\ - COoEt
mﬁ\\ 1. OsO4 2
2. H ,acetone
‘ 3.03 |
. 28%a _
. . 29

to react with furan to give an 1ntermedlate (mkn which was

chemically transformed to a mixture of D and L-ribo-
LWy
furanosyl acetic acid derivatives (ég). As part of a

:’ 6 ' . | ’ 0

cr Cl

cl L . COzCH3
_ : S | <
Cly, LiAlH, 1.0, .
2. 0s0, 2. MeoH
- —_———
3. H+,acetone © 3. NaBH

o)
o)

30a

. Study in C-glycoside éynthesis; the reaction of

a, aﬁao,a-—tetrabromoacetone and furan catalyzed by

iron carbonyl gave 3la. 94-97 'An optically re-
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T

« solved intermediate 31 was used to synthesize the C-

0
K]
1. OiO4
2. H ,acetone
- —
. H
3 CF3CO3
3la

——

nucleosides pseudouridine, pseudocytidiné’and'S'-

. . 95-97
modified derivatives. :

3

Survey of a-Amino Acid Syntheseés

| Because furanomycin can be considéred as a C-alkyl-
ated derivativé of‘glycine,”a route COuld'bg déyised

fo the titlé,éompoﬁnd by‘elaboratibn.of a‘prefofmed

a-amino acid or its precursor.

- There are several well established synthetic
routes 98_109 to a~amino acids amoﬁg'which_are‘the

Strecker synthesis and its modifications, amination

of a-halo acids, Curtius rearrangement of azido acids’
and réduction of a-oximino esters, Alkylation of
. substituted acetémido;lql
103

'a—fofmamido,loz dfphthal~ 
. : ' 104 S | | Za e

.7 imido and nitro.. ' malonates also provides “a versa-

' tile route to G-amino.acids. The condensation of

active méthylene.tompounds with nitriles and alde- - v
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hydes,los_107 in particular the Erlenmeyer azalactone

synthesis; has been extensively employed.
More recently, several methods to dlkylate protected

amino acids have been developed., 6 Such procedures include
. ’ ; , .

Schiff Bases,log-lll silylated'amino acids,112 N,N-di-:

methylaminomethylene protected,_amino acids,l;3 N-benzoyl

glycine,114 a—isocyanoesters;IIS ethyl nitroacetate 116

and 1v(chiral-substituted)—ZfimadaZolin-S—oﬁes.ll7~
Vatious other methods dsed to synthesize several amino

acids include the reductive amination of o-keto esters

with sodium cyanoborohydride and. ammonla,118’119 oxida-

tion of amines with ruthenium tetroxide,120 amidoalkyla-

tion of oleflns,121 Grlgnard reactions on ethyl N-tri-

- 122 . 123
"chloroethyl carbamate, moﬁified.Strecker synthesis; L

and nucleophilicfdisplaceﬁent on‘2—acetoxy%2—amfno'acid
‘.detivatives.lz4 \

A‘subjept_ ore closely relatew ﬁﬂj}his thesis is
that of g-amino az;ds substituted by carbdhydrate

derivatives.' Several of the earlier studies involved’
,the C-4 derlvatized sugar component of polyox1n,125 128

the synthesis of deoxypolyoxin c and thymlne polyox1n

.C.129 1-(5-amino- 5 deoxy B- D allofutanosyl uronic acid)—v

R . .
dracil, 130 and C-3 131’132 as well as C-2 ;33 linked

lanalogues of polyoxin.  C-glycosyl amino acids linked

]

‘to-C—l of a carbohydrate have.been‘yrepared by,teection‘



Ht

22.
of ethyl isocyanoacetate with D-manno-1,4~lactones. This
- gave.B—P—mannofuranosyl glycine (32) which was further

converted into B-D-lyxofuranosyl glycine (gé).l34’l36

Similar reactions with ethylcyanoécetate have'been re-
ported on ketoses and aidosesQl374 The reéttion of 2%'
phenyloxazolin 5-one with a-acetobromoglucose or D—

allose derivatives was reported to give (R, S) a, B- D—

glucopyranosyl glycine 1138 (34) with the former and

37(Bfg—ribofuranoéyl)—g{£~aianine 139 (gé)_ﬁithfthe 

1at¢er; o - ,(‘u\fb

| COoH
| ~NHz
‘ CHsp

34 . HO OH
- | 35



“RESULTS AND DISCUSSTION

Cur early attempt% to form the desired B-C giyco—

sides involved the alkylatlon of a ribofuranosyl chlor—

ide derivative as descrlbed by Fox and co—workers.62 As

reported, the reaction‘of the chloro sugar 149 (36) in

dinethoxyethane with dieth&imalqnate and sodium hyd-
‘ride gave a mixture of o and B isomers 37 and 38. Theﬁ
o] 0%

R|‘, :
00 "

N

37 R=H Ry= CH(CO,Et))

¢

36 - 38 Ry=i R=  CH(CO, Et)'-

reaction appeared to be quantitatlve as judged by TLC

{

(toluenefether (10:1), starting material Rf = 0.7,

'product 'Rf"= O.SSfand;D.AS). hThe ratio of the;more
polar isomer to the less poiar isomer was estimated

by TLC to favor the former (2:1) after a reaction time
of. one hour. Prolonged heating (12 17 h) changed thlS
ratio in faror of the less polar'isgner (1:4). Origin~-
ally:it nas assnmed that the.more thermodynamically'
‘stahle, lesevoolar isomer, was‘the desired B‘isomer.:
This assumptlon waa based on the anticipated steric

'interference between the 1sopr0pylidene and diethyl

-.malonate groups. - Howeyer, reinvestigation'of this

23
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reaction‘by Moffatt»and co—workers 63 produced evidence

to the contrary. It had been established that the C

5
signals in the 13C NMR spectra of pentofuranose deriva-

: tiﬁes d@cur‘at‘higher field for a.cis relationship bet-

ween C5 and the hydroxyl group of C_ than the trans ‘con-

3
figuration.: The same appears to hold true for Cl when
there is a cis configuration,between CZOH‘and the aglycon.
13

From the C NMR spectral data obtained for 37 and 38, it
was concluded that since the chemical shifts for C2 C3'
: and CéAof the thermodynamically more stable isomer were.
upfield from those assigned for the kinetic product, the
a—isomer yas'the more stable and predominate product.
Attempts to further transform the product'bybde—
carboxylation usiné NaCN/DMSO“ LiI/a collidine and
KOH/ETOH only led to decomposition. Problems_involved
:with these basic hydrolysis conditions were probably
conpounded by anion formation at ghe‘diethyl,ma]Onaté'
'ffunction.i Forvthis reason monosuhstituted malonates
werevthen investigated. It wae“hoped-that the,kinetlc
or B‘isomer would'predominate'since epiuerization would
'not.be possible once theiproduct‘nae formed. Uéing,
_eimilar.conditione to those descrihed for diethy]vmélr

141
onate, both- of the products with diethyl nltromalonate

142
(39) and diethyl acetamldomalonate, (40) appeared

- by TLC to give good yields of a mixture of o and B uvA
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Ré CNOZ(COZEC)Z

R:= CNHAc (CO,Et),

15 ls

-isomers (toluene-ether (20:1),'starting material R.f =

«0.75;'product Rf's 0.3 and 0.2). As shdown by TLC, the
nore polar isomer predominated (4: l) lf the analogy
can be drawn to the reaction with diethyl malonate, this
.more polar isomer would be the de51red B isomer. How-
'ever, no deflniglve structural proof was completed.
Chromatography of these malonate sugars led to decompo--
sition in varying degrees. This was probably due to
.the acid lability of the protecting groups. Neutraliza—'
tion of the sillca gel with saturated methanolic ammonia

followed by drying of the silica under vacuum appeared
to reduce'the amount of material lost during, chromato—
'graphy.‘ With this pretreated silica 39land~ﬁg vere

‘obtained in yields of approximately 45 504 Since these
: preliminary experiments did. not give the B isomer .ex-
clusively and the 1solat10n procedures gave unsatis—“

factory yields, thls approach was not 1nvestigated

further. B
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A seemingly more viable route involyed starting
) . ' ’\k \)\

Bz) incorporating a

with the imidazolidine (23, R

preformed B C-glycoside linkage. Following the pro-
cedure described by Moffatt, 56'treatment of this imida-
zoline with three eqnivalents_of’p-toiuene—Sulfonie .

,acid monohydrate gave the'free aldehyde (41)which was
' HC=0

3

Bz0O~

BzO OBz T
used without further purification.‘ This aldehyde proved
to be relatively stable in subsequent reactions if used
immediately. If,it”was allowed to stand at room tem—‘
perature extensive decomposition occurred.’ After gen-
‘,erating»the aldehyde intermediate‘care must also be =

taken to neutralize the excess acid with solid'sodium

bicarbonate. If most of the acid was not removed in-

. \
!

»this»manner, deeomposition resdited &heﬁ the,aldehyde
solution Wasvconcentrated. héeveral modified‘Streckerv
'type syntheses were investigated w1th the aldehyde
»Reaction of 41 with sodium cyanide and benzylamine
gave'a-single.product. However; the protonnNMR spectrum )
revealed that no benzyl groups were present. Mass
spectrometry was not con51stent with the expected o=
.benzylamino nitrile dErivative. As will be_shOwn'

<

later, thistproduct wasractdally the'aehydrOXy nitrile

143 144v’
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derivative. Similar reactions of ﬁl,with sodium cyanide,
potassium carbonate and hydrogen peroxide,SG‘or'sodium_
cyanide and ammonium carbonate 14? resultedvtnbhydroly—

. - ] v + . m .

sis of the benzoate groups nnder‘the basic reaction
conditions.

Natta and Pasquon described the synthesys of
several a-amino acids from oximes using sodium metabi-
sulfite and sodium cyanide. Similar treatnent of the
oxime derivative of 41 (described by Moffatt 5'9) gave
none of the desired a—aminonitrile._The product that was

isolated appeared to be the a- hydnoxy n1trile(42)

4;2_.1R=H
' | 4&3?’R= Ac
Bz0 0Bz- - ,{

as deduced from the elemental analysis, PMR and IR Spec—'
tra. Both the protom NMR and Ig spectra indicated the pre-
eence of hydroxyi and'benzoyl groups, The IR spectrum
.éhoﬁed no abédrptibn’fdr a nitriie function. This is not
‘unusual since it is known that electron withdrawing sub—
stituents adjacent to the nitrile reduce the intensity
of the nitrile ‘band normally found at 2240 2260 cm ¥.ﬂ o
Unexpectedly,it was then observed;that ig forned readily
in 91% yield upondtreatment of 41 with'sodinm Cyanide.

& .

Although this materlal (42) was stable if kept as a

syrup at 0° C attempted chromatogtaphyrtesulted»in
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isolation of only a partially purified product. This

P

result‘wdsAcontrary to that reported for the tribenzyl
anélgghe?6 In that ca;e, the cyanogydrih—prqduct could
not -be isolated since it readily revérted to thélalde-
ﬁyde. Furtherbprodf for the proposed structure (42)

was,obtained.from‘examination of its acetyl derivative

(43) prepared in 767 yield using:acetic anhydride in pyri-

dipne. It was found:Fhat the data obfaiﬂed froﬁ_élemenﬁal
analysis, lﬁ NMR and IR‘spéctra‘were Cénsistént'withv
strﬁctute (43). The PMR spectrum inforﬁétion clearly -
inéica;ed the presence of an acetyl fuﬁction as a
sharp.siﬂgletvfor three protons at 6‘ 2.0. The IR
spectfﬁm.had two bands iﬁ the'esterArégion one for the
beﬁzoyl‘grqup (1225 cm ) and a second for the acetyl

‘ggroup (1760 cm_l)], Attempts to hydrolyse the nitrile,

'S

function of 42 with hydrobromic or hydrochloric acid

' in’ethanol were:unsucceséful. *Since it appeared that
'these routes weré noﬁ productive in . yiEIding @-amino
acid deriva:ives,'other approaches were 1nvestigated

.‘I; Qas considered that a mpdified.Strecker,syn-ﬁ

thesis.6n‘a'2'5—anhydrovéllose derivative wouid'leéd
to the. desired B C glyCOsyl -amino acid. Such an

Uintermediate (27) had been prepared in a multistep
syntheS1s bnyust and co-§orkers 80,81 as deScribedv
.érevioﬁélybiﬁ the ihtroducﬁion.b‘Théirrpfoqﬁct'héwevef,

‘was a mixture of Q_and L -alldse derivatives. In

'
2
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this laboratory 2,5- anhydro 3,4-0- 1sopropylidene D~ allose

- was. prepared as shown in Scheme II. Hydrolysis of the

_SCHEME 11

56 <44} with 0.1 N sodium methoxide

knonnvs—o;benzoate
‘proceeded.smoothly to give. the deblocked derivative

(45) in. 95% yield. The® hydroxyl function produged a
broad band at‘3400 cmf1 in the infrared spectrum as
well as”an exchangeable proton in the PMR spectrumf,

As yill be seen: for most of - the imidazolidine sugars,ﬂ

the parent ion in the ma&s spectrum is often accompanied

’.by satellites ‘at M +1 and M 1 as well as a fragment cor—n

iresponding to M N06H5 . In the case of 45 molecular
x‘ions were observed at m/e 397 (M +1), 396 (M ) and

395 (M —l) The peak at m/e 381 (M - CH ) was a>pre—>
”dominate feature and was generally obSqrved for 180pr0-.

ylidene protected sugars. For all the imidazolidine

sugars,,cleavage at the C-glycosyl bond led to a strong'x
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~ base peak at m/e 223 which was definitive for the ion-.

fmaterial to be structure

30.

&

-ized imidazolidine ring. vThe remaining characteristic
. . o

ion was m/e 290 (M -~ CHy - NC6H5). As previOuslyvdes—

cribed for the imidazolidine'derivatives,'hydrblysis

sy

. was accomplished usfng‘three equivalents of‘p—teluene-'

_sulfonic ac§d Contrary-to the case where benzoyl pro-

s

tecting groups were preéent hydrolysisnof;ﬁg was com-

plete in five to ten minutes compared to one hour for

23, This could possibly result from intramolecular -

‘assistance of the free 5-0H in the hydrolysis of 45.

‘Filtration to remove the diamine pftoluenswlfonate

salt and evaporation of the .solvent gave

allose derivative which was crystallized from chloro-h

_1f6rm~hexane to give crystalline 27 in approximaéeLz\

- 70% yield. Although the melting point of 27 was loJ\B

than reported 80 and ‘showed some softenlng from 150—

o7
[N

v 160°C,‘all of the other physical data including PMRQand

IR spectra and'elemental analyses indieﬁted_thisﬂ
é?.

‘The mass spectrum gave

. a parent peak at m/e 202 @M )as well as m/e 187 (M -

hCH ) which was characteristic for an 1sopropylidene‘_

protected derivative. A:preliminary reaction of 27.

with sodiun<cyanide and potassium carbonate fn watér

: garefan‘unstabléﬁintermediate ié that_wae hﬁdrolysed

Il N . N
Sk : R : i A
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J

~using hydrogen peroxide. The product of this reaction

was assumed to be 46a, which was very soluble in

watér, Even employing continuous extraction with ethyl
acetate it was dlfficult to recover the product Alter~

»m

nately, as shown in Scheme ITI, the reaction of 27 with

CONH2

SCHEME IIT

benzylamine hydrochloride and sodium cyanide in water .

initially gave what was presumed to be the o- hydroxy

]nicrlle-(as)'(TLc ethyl acetate - hexane (3:1),

starting materlal Re = 0.5, product R. = 0.65).

£ .
e ]
product was unstable andoreverted to starting material

if_attempts werevmade.to 1solate‘this intermediate.
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However, if the solution was heated to 80°C for one hour,

a faster moving product was observed by TLC (ethyl

acetate 3 hexane (3 l), R = 0.8). This product was -

f
isolated and shown by PMR spectroscopy to have incor-
porated the benzylamine function. - The massrspectrum
had a peak at m/e 291 (M -men)’ and'27é (M+—HCN-CH3).
Although this information was not definitive for the
stfucture of'thevproposed intermediate ﬁl,:fuither'
reactions indicated. that it was likely so. i; the con-

tinuing preparation of the a—ognzylamino'amide,_this

intermediate (47) was not isolated but hydrolysed dir-

- .ectly with alkaline hydrogen peroxide. Invthis manner

the 0-benzylamino amide (48) was isolated in 50 - 55%

—_—

yield from 27. Presumably the initial product'46.re~

verted to the aldehyde 27a whiCh .then reacted with
benzylamine and sodium cyanide to give 47. Hydrolysis
of this material gave i§' The.data obtained ffom the
proton NMR and mass spectra'indicated that boﬁh the,.

benzylamino andfamide.functions we;e present. The D,0

2
exchangeable PMR signals between § 6-7 were typical

.for amide protous. Ion peaks at m/e 321 (M -CH ), 292

(M -CONH ) and 230 (M NHC7H6) provided further in-

‘dicative evidence. Prolonging the time or increasing -

N

. the temperature for the reaction with sodium cyanide

and benzylamine did not ifcrease the yield of 47. Pre-

Lo

sumably the basic conditions at elevated‘tempe:afure
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leads to degradati;n and possibly epimerization éf thé
intermediételaldghydé; In view of thé poor yields and
required unfavorable reécﬁion conditipns; investigations
lbf this route wére not continued.

During tﬁe course of these explorétory studies seyefal
wéodel reactions were-investigated for introduction of
the 5-deoxy and‘fhe 2,3-unsaturated functions into a
carbohydrate derivative. The tri-mesyl (49) aé'@ell as
the tri—tosyllderiVative (gg) of methyl B-D-ribofurano-
side were studied to défermine the rgaction conditions

147,147a o

for formation of a 5—de6xy derivative, as shown

4in Scheme IV. Reaction of 49 or 50 with sodium iodide

OCH3 © HaC b‘OCH3V

OCHg3

RO . I H,
. . Nal 2
"'ROOR RO OR
' 49 R:=M.s _5_!_ R=Ms
50 R=Ts - 52R=Ts ..

 SCHEME 1V

in dimethylformamide gave‘the 5-iodo derivatives (51)
and'(éz); reSPectivély, in esééntially ﬁuantitative
y.i_elds.‘ ,'I't:. was vg’vi‘d’e‘nt frqm the proton NMR spectrum of 2;,- ‘
which'gave only tﬁo'mes§l'group‘éignals és'weil as'an
gpfield shiff;fof the_Cs-prOCOns, that énly'the primary
,mésyljgrodpwhad been diéplacéd.' The reéction witﬁ B
secoﬁdary m;syl;g;oups abpafentiy réquired @ofe

3

o
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drastic’eonditions. - These derivatives 51 anq 52, Qere
readily hydrogenated using 5% Pd-C to give 53 and 54 in
quentitative yield. The PMR doublet at § 1. 45 (J5 4 =
6 Hz) for 53 and 6 1.10 (I5_, = 7 Hz) for 54 together
.withAthe‘quartet obseryed for H, were consisteet with a-
S—deoxy(ﬁ—methyl) function.

Also used as a model compound was the previously des-

cribed imidazolidine derivative (45). Initial attempts

were made to prepare the 5-iodo derivative (55a) from

CeHs,

(N:] .

\N' " 5540 R=|

'C6H5“ - b R=0OMs
¢ R=Cl g
d R=H

O,

—

45 dsing methyltriphenoxy phdsphonium iodide.148 "This "

reactibn'gave a low yield of a product that migrated.

faster than the starting material on TLC. "This material

was unstable and decompoéed 1f heated. ThevS—mesyl
derivative (SSb) was prepared by treatment of 45 vith
methanesulfonyl chloride and pyridine The three—
| proton PMR §ignal at 6 2 80 was typical for a mesyl

’ function.f The mass spectrum of 55b had a parent ion

IS
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at m/e 474 (M+) as well as characteristic degradation.
lons at m/e 459 (M'-15), 379 (x'-omMs), 378 (MT-1-oms),

and 368 (M -cH The product (55b) was stable

37NCgH)
‘when isolated as a crystalline derivative But it also
decomposed'if.heated A low yield of what appeared to
be the 5 iodo derivative was obtained by heating 55b
with sodium iodidebin acetone .DA 31m11ar reaction
‘attempted in dimethylformamide resulted in decomposition
of 55b. Presumably the 5-iodo and mesyl derivatives

are unstable due to intramolecular cyclizatisn with

the imidazolidine ring. IThe more‘stable S—Chloro der—.
ivativelééc‘nas obtainedlin 88% yield by reaction of
v;ﬁé with triphen&lohosphine and‘carbon tetrachloride.149
Introduction of the chloro,function was apparent'uponr
vinspection‘of the mass spectrum of~tne‘product. Molecu—
lar ions corresponding to fragments containing 37Cl
‘were observed at m/e 417 (M + 1), 401 (M —CH ) and340

35

(M -0 C(CH3)2) and for Cl at m/e 415 (M +l), 414 (M ),

399 (M —CH ) and 338 (M -0 C(CH ) ) This productf

o was readily reduced to the 5-deoxy derivative 55d using

tri—n-butyltin hydride. 15&452 with the.previous 5—

deoxy models, the dOublet at 6 1. 2 J —’7 Hz) in the
proton. NMR spectrum was typlcal. The mass spectrum had
the parent-ion at~m/e 380 (M:) as well as'fragments at

e 379 (M -1), 365 (M -CH ) and 274 (M -CH =-NC HS)




\tive'by reaction of 22 with sodium and naphthalene
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The di%ﬁfyl (éé) and ditosyl (54) derivatives weré

then investigated in an effort to introduce 2,3-unsatur-

"ation using the general Tipson-Cohen procedure reported.

by éeveral workers,lss}"156 . Use of zinc and sodium iodide

‘in refluking dimethylformamidé‘for one hour gave a dark

colored solution. Inspection by TLC revealed oniy

stérting material and decompoéitibn material which re-

mained on the base line. Prolonged heatingvresuited in
, e o

extensive decomposition. T is failure probably resulted

from the relative instability of the 5-deoxy derivativés-

;_undér these forcing conditionsvandvfrqm the difficulty

in effecting displacementﬁof'a'éecondary sulfonate
group. An-attemﬁt to obtain the Z,3~unsaturated deriva-

' ' 157
led to several Unidentified'products.

In a different-approaéhvthe nitrile 56 was
. CN
'BzO Y

" HO OH
56

employeJ as a model,. Treatmént‘of this vicinal diol

with,a;acethyisdnmyrﬂ.chloride-and sodium iodide in



acetonitriie 15? gave a good yield of the iodo -acetate
57. Reductive elimination to give the unsaturated
-derivatige 58 (ﬁ@QZ) was effected with zinc?copper iu
acetic acid and uatert This sequence for conVersion of
vicinal diols to unsaturated derivatives is'being.iu*
"vestigated iu thi; laborator§.1$8a These reaction. con-
‘ditions Howeyer, wvere anticipated'ﬁb be too acidic for -
intermediates in the synthesis of furanomycin. The
~identical unsaturated product (58) was'obtained.by the
.method of Hannessian and co-workers, 159 by treatement
. of the g,ﬁ—dimethylaminomethyiidene acetal of 56 with
Vuethyl'iodideL -This‘procedure éave a low yield (20%)
of 58. This product was assumed to be tﬂe unsaturated
) derivative by inspection of the PMR data. 'ThefABX.
,splitting pattern at & 6.05 for_H_3 and H4vas well as
the:multiplets at G'S(ZZ!(HS) and § 5.48'(H2)‘were typie

cal for a 2,3-uusaturated pentofuranose. Similar

3
!

patterns were observeu.for these types of derivatives
as will be describedflater} |

‘ihese expioratory approaches were abandoned upon‘
'*thé'finding'that thiocarbouaterderivatives of model ¢
furanose sugar derivatives were readily converted to
unsaturated products with trimethyl phosphite as first
described by Corey and Wlnter.- 160 Initially the'

thiocarbonate function was introduced by heating a

,
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solution éf the vicinal diol with,bisrimidazéle‘thio—
carbonate 161 in.dime;hylformamide. Subsequently this -
reaction_was more conveniently perforﬁed in écétoﬁe at
room temperature. Tieétment offfﬁe S—g—trityl derivaf

cive 162,163

(59) with bis-imidazole 9hiocafboqate in
DMF at 90°C for three hours gave gg'(9lz) as shown in

Scheme V. This product was relatively insoluble -

OCHz |  OCH3 N
0 , 0 S
TrO . P(OCH3)3 | TrO
———.—-—_.‘_»
~ RO OR | )
59 R=H | . 61

60 R= =5

\SCHEME  V

in most qrganicdsolvents as were several other sugar
thiBCarbonate derivétives. It was p&ssible fo'crystal—’
lize this prsduct in appfoximétely,ﬁoz yield f:&m di-
methyifor mide-*éthanbl. ?he‘mass spécﬁfﬁﬁ géve a
parent io:§:}\m/éb448'(M+). fAé»wiLl be seen latér,

‘all 6f'the thiocarbonate derivééiveé Qere easily
.charactefized:frOm the spectral data.  fhe pr6toﬁ NﬁR _
’§p¢£tra showed definite downfield Shifﬁé for thelsugaf
protpns:a;taﬁhed tolthe ring.cafbohs on the cyclié'thipff
; cérb§néte:£un?tion.  A1s§'a ﬁV absorpaﬁon at 238 nm

. was charécteriétic for ﬁhis érOup.; T;eatméhﬁ of 60

' Qithvtrimethyiﬁhoéfﬁite aﬁirgflux1for seven péurslgave
;; in QOZ,yield“affer chrbﬁéﬁographéu ‘Thé"crysgalline

-
PP

¢



the imidazolidine derivative
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product melted at 87 - 88°C és,compared to the litera—
ture 163»value of 82 - 83°C. The specific rotation
‘observed‘was [a]D23 - 88° compared to the'reported

. 163 o rreg the tu »

value. of -72°. " Inspection aof the "H NMR spectral

data indicated an 'ABX pattérn centered at § 5. 9 (HZ’ 3)

_and multlplets at § 6.1 (H ) and 6 4.8 (H ) s1m11ar to

ol

163

~ that’ descrlbed previously ~ and for §§-

The same‘series of reactions was then applied to

SGVKQQ) as shown in Scheme

VIi. -Reactlon of the imidazolidine sugarvwith‘trityl‘

\

CeMs

R20 ORzl | : g

62 Rj=Rp=H ~ = 66 R;=Tr
~ 63 Rj=dmTr Rp=H . ‘

64R=Tr Rp=H

65R, =Tr R2- Ne=s

SCHEME VI

chloride in pyridine was observed to be incomplete
after, several days at room temperature. However, the

dimethoxytrityl or trityl derivative was formed in

good yield using dimethoxytrityl chloride or trityl

bromide,-respectlvely,,at 60 - 70°C for one hour. In
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this mannerbboth 63 and 64 were isolated in approximately
907 yield after chromatoéraphy.-'The tritpi derinative
t(64) consistently gave better yields, and could‘beriso—
lated with only minor traces of impurities as detected

by TLC. The highest observed fragments in the mass
spectrum were m/e 580 (M —320) and 562 (M -2H20). This
‘intermediate gave. a single product thatﬁwasfhomogeneOus
hy»TLC upon treatment nith bis-imidazole.thiocarbonate

in acetone. The resulting thiocarbonate}(gi) waS:iSO;!
lated in a crude yield of 93%Z. Introduction of the
thiocaernate function‘was observed to shift Hé and Haf
downfield in the‘?MRfmectmmland gave- rise to a distinct uv -
,absorption'at 238 nm. Although no parent ion was
observed for §§ in the mass spectrum, the fragment)at
m/e 580 was&assigned to M+-0C=S. ,Traces‘of imidazoie
present with Uw.product were difficult to remove. |
Since this seemed to have no’ effect on the subsequent'
reaction, 65 was treated with trimethylphosphite at
reflux for eight hours without further purification.

vThe unsaturated product 66 was_isolated in QJZ‘Yield,
‘The data obtained from elemental analysis, the mass
'spectrum and the PMR spectrum were all con31stent nith_b
the proposed ‘structure of 66. The chemical shifts,.’
the ABX splitting pattern centered at § 5. 83 and the

muLtiplets at 8§ 5.25 (H ) and 6 4.90 (H ) were very

"similar to those for 61 and 28,
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The first approach we employed which resulted in
the forpation of a-amino acids began‘with the imidazoli-

dine'SUgar 56’5?’66 _1 és shown in Scheme VII.Y.This

,_CCNJHZ

BnO OBn
- 69X=H Y=0OMs
70X=0Ms Y=H

LiN

"HO OH ~BnO -0Bn - BnO OBn
75X=NHy Y=H = 73 X=N3 Y=H ©ZIX=Ngz Y=H
76X=H Y=NHp = 74X=H Y=Ngz "72X=H Y:Nz

SCHEME VI
‘deridative wés used‘by M0ffah£-as an’intermediate {n
‘-the synthesls of several C nucleosides 56 °8 Hydroly—
sis of the aldehyde protecting group of 67 using p-

/

, toluenesulfonic acid was originally reported on a

 twe mmole.scale‘ 7_ This régction'waSFreadily scaiéd‘
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up. to ten mﬁoles-with high.yield'(~902)~§f 68 obtained.
Examination of tﬁis product by TLC revealed only a

trace of faster mov;ng impurities and»it was,;herefore.
vuée&'w;théut furﬁhegnpurification. Treatment of 68

with methaﬁésulfcnyl chloride in pyridine for sévénfé%urs
',at 0° gave'ﬁg'and_Zb whf¢h were:isoiated as afsolid mix-
ture. 'Itbapp;ared that longer‘reactién times resulted
~in decreased,y;éld. Fortuitéusly it was found thaf‘the
isomefs could be separated at this ﬁoiﬁf by tritufating
the soliﬁ*ﬁ%iture with hotiéther. fhé in§dlub1e‘so1;d
remaining‘(432) was the fastef migréting‘isbmer on TLCH
(chibroform?ethyl acetate (i:i),‘Rf = 0-50) and yasg
vtentatively assigned as_st;ucturé gg.f Chfdmatography
oﬁ'the triﬁuratibn mother 1iquors ga§évé sloﬁer'isomer ,
.70 (3825:Rf =‘O.47),‘wi§h a traée_(Qsz) of thefféster iso—i
mer. Thégpltwo isomefs were readily diéfinguisﬁe&_by pfo—f
ton'NﬁR_speétfoscopy;-Thé faster isomer'gave‘a sigﬁal;‘
.fdr the'meéyl group at 62.91, cqmpared £o"2,86 for the

50 8 4_f9o (I, 3= 5 Hz).for
thgif?étgrvisomer and 8 4.91 <£2;3="4 FE) for the slower
isomer was';hifteq'downfield;relativéAtd.that for

<fslober isomer.. The signal for H

-the hydroxy precursor 68. It appears thét~;§g.aéd 1g
have sufficiently rEStriCted'confbrmatiops.thatrthe

éplittiné patterns for H7 and H,, of “each isomer were



- ) B ’ - ) o v 43.

-

different. The pseudo ‘octet centered at ~§ 3.57 with )

,£7_7, = 10 Hz, 57-6 = 3 Hz and J7, 6 = 2.5 Hz for the

. faster isomer was clearly different from the corres-
ponding multiplet of the slower isomer centered at

-8 3.55 with J = 11 Hz, J,_ . = 4 Hz, J_, . = 3.5 Hz.

7-6 7'-6
. The infrared spectrum of 69 or 70 had a band at 1650

=7- 7%

._cmf » typical for an amide carbonyl streé%hing fre-

-

quency. This band was observed for all the subsequently

descrlbed amide derivat;ves. - The mass spectral

.fregmentetion was simllar for bcth isomers; Arparentl
‘ion was obsenvedbﬁith 69 or 70 at‘m/e.Sés (M+) as‘well
;es an M++llionnat m/eéSSé: Such ldns eppeareto yé,

co;non.for most oftheq—su%scitnte&-amides prepared.
5.6ther characteristlc‘ipns were noted at;m/e5476 (M+3

50,CH.) aﬁd‘464 (Mf;CH Celo) - Either of these meeyi»
‘derivatives was readily subject ‘to displacement with
,lithium azide in dimethylformamide to’ give 71 or 72 in

approximately 90% yieldf- Similar treatment with

sodlum azide geve elmcsc-no reaction products;:;;t'Was

. . , U o , o

_leter discovered‘that an analogonsﬂsequence had been

epplled earlier by Moffatt and co- workers 130 to;pre—.

5

,pare polyoxln,analogues. A chemical proof was pre-~-
_ jsented 13O-t0.ShOW that the displacement proteeded with -
inversion of configuratipn to give the a-azido amide

It is aseumed'that the same is t:ue in the present
case‘althoughvno'chemical_probf wasvnndertaken.
PR . - , o

A

g



o

-

L3
Supporting evidence for this assumption comes from the_L

1H NMR spectraT information. The loss of the mesyl

signals as well as the upfield shift of the H2 proton

nindicated that the mesyl function had been displaced.

'ﬂMoreover, the splitting patterns for H7 and H of ll

= 10 Hz, ‘ =

. 6 7

centered at § 3. 46 and 3 57 with J7 21

b Hz,vJ6'7, = 3.5 Hz and of 72 centered at § 3. .52 ang

»

—510 Hz, = 3.5 Hz,

3.60 with J 6 7

=7-7" 67l>“4Hz’

appear to correspond closely with those of 70 and 69,

reSpectively. The IR spectra of both 71 and 72 had a

. ; b
-1 (NB);. It is also interesting

that the order of melting points 7or 69 (173 - 174 C)

Ly

strong ba\ at’ 2120 cm

and 70 4‘— 115 C) "is’ reversed &or 71 (93 - 94°C).

F

' and 72 (155 - 156° C)a One would expect that the rela—v‘

. tive valueq of. optical rotation would also be inter—,

."changed However, the values for.gg,(+65 )_and'70‘

oM
(e
¥

':_ANGC(H E resin.v Alternatively, treatment of 71 or 72

mt—

~..I e - . [

(+3o ) compared'to 71 (+13°)’and 72 (+10°) are incon- .

crhsive owing to the small and similar dextrarotatory o

e

.values for the latter pairs, SR - cx‘}‘

Y

- [} .
Further modifications of the a—azido amides

’ were then investlgated Solvoly31s of the amide func-

. . X -1

'tion directly to the ester was accomplisbed in pver

v

90/ yield by. refluxing the amide in dry methanol over

ul

¢ p’{(l

‘“in a mi§%ure of hydrochIoric,acid water 1 4~ﬁioxane at .

l_80 C for eighteen hours gave quantitative hydrolysis_'

44,

&
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A-the Patf ehaker. Thie reSulted in reduetionfof the

45,

to the syrupy acid 73 or 74. ’dﬁ;;ion of the azide (
function was readily accomplished with 5% Pd-C at
atmospheric pressuret The q-amino ester obtained in
thie manner fron the a-azido ester proved to be unstable -
et-room temperature. The initial product was slowly .

converted to an unidentified product. It was presumed

thet intermolecular“dimerization to the piperazine

derivative could account for this observation. This

ET

route was not pursued further. As expected, hydro-

.8 - . : . :
genation of the a-azido acids 73 or 74 gave the corres-

ponding G-amino acid. fThese were more stable at room

temperathre. Conplete-removal of the benzyl“grOups‘pre-

sented h more”difficult prOblem.‘ Initially, boron tri-

_choride was used to cleave the benzyl protecting,

groups.l_,64 57 ' This procedure led to the isolation of

.the debenzylated a-azido amlde 1n approximately 507

yield This product was identified 0ﬂ1y by mass:

spectroscopy, m/e 204 (M ~-N ), 172 (M N3-H 0) and 133

(M -CH 0) and the IR band at . 2140 cm -1 (N3). Alter-

3 4

' native attempts at debenzylation emplOyed hydrogenation'

“of 71 or 72 over 5% Pd-C with pressureg_up to 60 psi in

o

azide gr0up but no debenzylatiOn. Howevér, when this

‘hydrogenation was performed in a high pressure bomb at

100 psi over. SZ Pd -C debenzyiation was USually complete

-

: rin 24.t0a48 hoors.. Therresultsrwere very dependent on

>



reaction was complete (TLC),' tBe catalyst was filtered

~or 76 as.a tan colored Solid . This’ moderate yield

46.

the efficiency ef stirring as well as the quality of .
the catalyst, (It wae\fpund_neceésary to wash the cata-
lyst with 1 N HC1l and then water followed By drying |
under vacuum in, drderlto activate the'catalyst so that
consistent results were.Obcained.) In view'ef prior

observations involving the chemical transformatioms omn

the a-azido amides, 71 or 72 was hydrolysed first,

followed by simultaneous hydrogenation of the azide and
benzyl groups. Petential racemization during the alter-
native hydrgly51s of an G~amino amide was thereby |
avoided The a- azido amides (71) and (72) were hydrol-

ysed in a mixture Of hydrochloric acid - water - 1 4-

dioxane (1:1:10) at 80°C for 18 hours.. Isolation of

—

product gave syrupy 73 and 74, respectively, in.quantiJ
tative yield. These diastereomeric products were‘ﬁydro—n

genated directly in ethanol buffered with 1 M NH,OAc-.

'HOAc at 100 psi for 48 hours. (The sOIution was buffered

to preclude any problemS that might be encountered with

traces of acid . present either from the previOusvhydro—;
lysis step or from:-the acid waShed catalyst). When

and washed with 95% ethanol and. then water.. The ‘
combined filtrates were evaporated to. a syrup and : z
applied'to a column of ANGC(H ) resin- Elution w§th
water followed by 0. 5 N NH40H gave 110 mg (532) of 75

e

. . » v N
o S _ » s
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probably reSultedggrom the relatively large quantities
of catalyst required (~one weight equivalent). It was
‘Observed that both the product and starting material
were adsorbed to some degree on carbon. The possibility
also.exists that losses Occurred in the previous hydrol-
ysis step. This was not investigated further. Both of
the o- amino acids were very soluble in water but spar-
ingly soluble in 95% ethanol. <Crystalline 12 was
obtained from a mixture 6f watexr - 957 ethanol. These
fine needle like crystals softened to a glass at 125—
130° c and finally decompOSed at 207-210°C. Analysis
‘indicated,that the compound cryStallized as the di-
hydrate. Drying of-the product'at;room tenperature
overnight‘reSugfédAinvanalyses conpatible withoa di-
hydrate; Heating Of'the compound at 56°C (refluxing
~acetone) under vacuum for several. days gave analyses in
'agreement with approximately 3/4 mole of water of
hydration. This was not cConfirmed in_the usual manner'
by'PMR‘integration since the H,0 peak was overlapned
by sugar‘prdtons. No deflnitive information was
,obtained from electron impact &x chemical 1onization
mass. spectra The former gave predominate fragments at
m/e 116 (84%) and 115 (417), identified as (a). As
anoted previOUSly (Vide sugra)the chemical ionization

mass spectrum ‘had fragments at 164 and 327 which could

\
IS
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- HO OH//\NH3

HO OH
b+l

48.

" correspPond to (b+1) and (2b+1), respectively. The IR

spectrum was typical for an a-amino acid with a strong

-1 1

absorption at 1640 cm (co

2
broad band at 3100 - 3400 cm -1 (OH; NH
166

3+)} -ORD’165

and cD

- - -1, +
"), 1500 cm '(NH3 ) and a

speccra’were’used to assign the L or D amino

configurafion. Inspecﬁion of ORD and.CD spectra of 12

’in 6N HCl gaVe Values calculated as [4)]225 = +2000‘and'

7

[6]210 = ﬁ2010 respectively. These values are com- '

N

patible with assignment of 75 as an L a-amino acid. It

was found that‘76 id not crystallize readily and it
was isolated as an a orphous solid. that decomposed a
'apprOXimately°120 C. The compound was assigned the
a-amino acid configuration from the negative values
obtajned from ;he ORD([¢]2255-2,300)and CD([6]210‘=

-1, 850)Spectra Attempts to form the hydrochloride

t

D

salts Of either 15 or 76~to obtain more crystalline -

’ derivatives led to very hygroscopic materials which

-
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were difficult to handle. Because of the low overall
yields of‘lé and 76, it was decided not to pursue this
"Toute to furaeomycin. Further,transformatioﬁs on the
sugar portion of 75 or 76 would reduire several block<
.ihg steps'of'both the sugar and emino acid functiehs.
uReaetidn schemes incdrpo;ating ‘the necessary.eugar
transformetiens before intrpduction of the a-amino -
acid funétion appeared'ﬁore feasible. 1In vieW'ef
v experience gained in these exploratory stddies, the
follodidg scheme wee'ehvisioned:'l) formation of tﬁe C—z
"glycosyl eomponeht,Z) deoxygenation to the 7—de6xy |
functiong3) ihtroduction of the a—mesyl'aed aéazido’
amide fuﬁction:4)-§oivpiysiS‘of'the'aﬁide'to the
"eéter,S) transformetioh of the vieidal'diol to-the\4,5-
ﬁnsatUrated derivative. |

”‘Ihitially, only. limited success wae achieved in‘
obtaining the required C~glycosyl derivatives by the
dmethod prev1ously described for the tri O0-benzyl a- -
hydroxy amide (68). Using the modified Streeker type
synthesis, the a~hydroxy emidef.deriVed from isopre-fb
-pylidene allose (27) or from the aldehydes generated"
from the 5-¢hloro (55c) and 5- deoxy (55d) imidazolidines,
were‘too water'soluble,to.be isolated efficiently; |
These‘resﬁlte‘indicatedjthét a basefstable,,hydrr~
phobic blocking.group would be advantageous to allow

the product to be easily extracted 'frOm‘the:basic
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aqueous solution. 1In addition, the blocking grOups were

selected so that the hydroxy group at C7

ectively deprotected. It was decided that S-Q—trityl

could be sel-

and’2,3—di-g—beneyl protecting‘grOups would:aatisfy the
ahove requirements\ Treatment of-S-g—trityl imidazoli-
dine (64) or the'5-g—dimethoxytrityl imidazolidine (63)
with sodium hydride and benzyl bromide in dimethylform-
amide gave the desired dibenayi derivatrvee 77 and lla;
respectrvely. in euhseduent reactione,ll was used
‘since it was purifiedvmore readily than 77a. Purified
17 was isolated as a foam after chromatography and was
characterized by its mass spectrum which had a parent‘
ion at’ m/e 778 (M ) and maJor fragment ions at n/e 670
(M HOBn) and 562 (M ~2HOBn)., ' As indicated in Scheme
VIII, treatment of the imidazolidine (77) with p—t01uene—
sulfonic acid gave 78 as a syrup in 824 yield after,i
chrom;tography. The PMR spectrum had no signal for an.
.aldehyde proton, normally fOund at 6 10-311,‘and the IR

\

spectrum had no absorption band in the-aldehyde region

(1720—1740‘cm-1). it was assumed that 78 existed in

the hemiacetal form analgoues to theﬂbehavior of 27.
The mass spectrum of 18 had a parent ion at m/e 342 (M )

'and major fragment ions at m/e 251 (M 235

265)’_

'(M -0CH H ) ‘and 234 (M —HOCH In contrast

HyC 2 6H5)
to the acyclic ffee aldehyde forms, the hemacetals 78

P
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and 27 eppear to be quite stable ror extended periods of
time. Intermediate 78 was treated with sodium cyanide
and ?otaSSium‘carbonete in 1;4 dioxane-water to pre-
sumsbly,giye the unsteblea—hydroxy.nitrileintermediate.‘
This product uas isolated-as'the a-hydroxy emide_(lg)'
after hyarolysis'with’hydrogen peroxide.> The yield of
79 from the imidazolidine (77) Was 76%. Attempts to
fractignally crystallize the diastereomeric mixture of
a;hydroxy amides were unsuccessful. In‘subsequent re-
actions a mixture of the‘allo and altro isomers‘of 79
'were used It was hoped that the 7- mesylate group ofl
the 2,7- di 0- mesyl derivative 80 could be selectivelyv'
-displaced by iodide and- thereby bypass several blocking
'steps. Uanrtunately it appeared that the reactivity

‘of‘the 2-0-mesyl function 1lay between that_of a |
' primary and "uormal" secondary meSyl.derivative _Con-
::seauently, treatment with sodium iodide resulted inv
-fdisplacement at the secondary C- 2 position as well as
at thetgrimary c-7 position. Initial blocking of the
2~ hydroxy group therefore appeared -£0 be necessary
Treatment of 79 with acetone and perchloric acid gave
81 which was characterized by its mass spectrum with.
Ti'characteristic ions. at m/e 428 (M -#1), 412 (M -CE )

v and 336 o CH2 6 5) ‘This product was isolated as
a: syrup and was treated directly with methanesulfonyll

' chloride in pyridine to give the 7~ O-mesyl detivative
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(§3) in 92% overall yield from 79. Inspection of the
proton NMR. spectrum revealed that 82 was‘a diastereo—
meric mixtore>(at c-2). The exchangeable (iSOpropyli—
dene) amide protons of each C-2 epimer of 82 appeared
as a broad singlet. The ratio of these distinct'signalsf
correspondsto that of the respective’three-proton mesyl
singiet. The<ami&e proton_signsl_for 82 was shifted
'downfieid by ~61.5 from that of the amide protons of . -

E)

- the free:amide gg.' The-mass spectrom of'82 had severa1

‘-

4

: characteristic peaks such as me/ 506 (M -+1), 505 (M+),

491 (ut+ 1- CH,), 490 (M ~CH,), 415 (M + 1 - cu2¢6u5),

414 (M" -cm2 gHs)» 400 ot o+ - cH3-cn CeHg) and 399
(M+ - CH3— ’2 6 5) The mesylate functlon of‘82 was

, easily displaced using sodium iodide in methyl. ethyl.

ketone_to»give the Z—iodo_iptermediate gg. NThiS*prOf‘

duct sas ioehtified by its ﬁassfspectrcm with ioms at

m/e 538 (% + 1), 537 ,ZM+)_., 523 (" + i—.’cu3)‘ and 522
(HfQCH3). REductiosiof 83 with hydrogen over 5% Pd-C

’ geye the 7-dédxy deriVative 84 in‘ézz overell yield
sfrom 82. Proton NMR spectroscopy showed a character-

istic doublet at 5 1.25 (17 6" 6 HZ) for the 7- deoxy'

: function of _5 The ‘mass, spectrum had a parent ion

at m/e 411 (M ) and ions at m/e 396 (M ~-CH ) and 320 :

'(H ~CH

HpCels)e
' Because of the known instability of 5= deoxy
' eugars3towagds qcid hydtolysis 167  avmi1d method u‘

U‘b. .
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of the smide‘and :

“ras required for solvolysis of the amide and isopropyli-
‘dene_functions. Treatment oflgﬁ'with ANGC(H+) resin in

.methanol removed the isopropylidene protecting group

with concomitant conversion of the amide function to a

methyl ester to produce 85 in 70% yield The-ln NMR

L]

. spectral data clearly showed this product to be a mix-

ture of diastereomers. ' This was appa ent in the two

sets of doublets for H7 at § 1.16, d 1,19 and in the :

singlets for the methyl ester groups/ t § 3.62 and 3.72.

The exchangeable 0= hydroxy proton appeared at 6 2.95.

The IR spectrum had bands at 1745 cmf} (Csze) and

354:0'cm“l (OH). A parent ion at m/e’386 (M+) andda

fragment ion at m/e 295 (M CH 06H~) were present in

the mass spectrum : Reaction of 85 with mesyl chloride

4n pyridine gave ‘the a-mesylate 86 in - 884 yield. Intro—
duction of this group led to the appearance of new |
three—proton singlets at 6 3 14 and 6. 3 68 in the PMR
‘spectrum. The highest identifiable fragment in the-
mass spectrum of 86 was at m/e 373 (M CHZC H ) The
benzyl protecting groups were readily hydrogenolized'
over SZ Pd -C to give 87 in quantitative yield This
product ‘was used withoutfurtherpurification u;fonnthe
thiocarbonate derivative 88 employing bis—imidazole
Athiocarbonate 1n aeetone. Purification by chromato-

graphy gave the desired product 88 as . a syrup in 99%

yield.'ﬂThe_proton NMR spectrum of~§§ gave.a_familiar
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pattern with a downfield shift for the sugar'protons H4
and HS. Mass spectral data included a parent ion at m/e.
326 (M )v Formation of the 4,5- unsaturated product 89
wig effected ig 82% ‘yield after chromatography by re-"
fluxing 88 with ethprhosphite for four hours - Omne
of the'diigteze::;zz fractionally crystallized from'fl
ether—skelly fB" All of the physical data were con~

sistent with the proposed structure 89. The 1H NMR

spectrum showed a pattern similar to that previously
described for the 2 5 dihydrofuran derivatives 58,
‘._l aﬁd 66. The only useful information extracted from

the mass spectral data was the base peak fragment

‘ postulated as (c), which corresponded to m/e 83 The

A

chemical ionization (NH ) mass spectrum had ions.at
268 (M + 18) and 518 (2M + 18) “Displacement of cﬁe
,mesylate group with azide proved to be ‘more. difficultx
_than anticipated Treatment of 89 with lithium azide.
din dimethylformamide under a variety of conditions
resulted in decomposition. A similar attempt using

'tetramethylguanidinium azide produced less decomposi- =
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tion but still did not give satisfactory results, Evid:
ently. the amide function is essential for smooth dis-
placement of ‘the a- mesyl derivative. AThe same obser-
‘vation had been noted by other workers 168'in dieplace—

ments of a mesyl or a—tosyl esters with azide.- They

reported low yields as well as racemization accompany—
< a5 “

ing formation of the a- -azido esters. | V ﬁ
These results indicated that the azide function

ahpuld be.introduced before the ‘amide group was
solvolysed. Benzyl protecting groups are incompatible
v with such a sequence since hydrogenolysis of the ‘benzyl
groups would result in simultaneous reduction of then
‘azide function ‘to an amine. Additional,steps involving'
v'proteCtion of the‘free amine vould then be necesSary
'before further transformations'were‘possible. It wa%&
7conc1uded that the acid labile isopropylidene protect-
ving grPup would be more suitable for the vicinal diol
function.' This involved a . repetition of the same over;'
all reaction sequence starting with the readily avail—
able isopropylidene imidazolidine sugar derivative 45
However, ‘the a—hydroxy amide derived from 45 had pre-'-
g viously been observed to be too water soluble to be -
tﬁsynthetically useful ; It was expected that the 6 0—l

4benzyl derivative of. 45 could be transformed to the'

vrequired hydrOphobic a- hydroxy amiée. Tteatment of.
=%i45 with sodium hydride and benzyl bromiae in dimethyl-

RS
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-

formamide gave the prev1ously unreported imidazolidine
90 in excellent yield (912) This compound was identi—
fied by" elemental analysis and mass spectrometry. A

parent ion at m/e 486 (M ) and fragments at 471 (M -CH )

/

and 380 (M -CH3 NCGHS) were observed As shown in

Scheme IX, hydrolysis of 90 using p- toluenesulfonic‘-,

“acid, follOWed by reaction of the intermediate alde—

hyde with sodium cyanide, potassium carbonate and hydro— :

vgen peroxide gave a mixture of 91 and 92 in 86% yield.

#
It was expected from previous experience that this dia—

stereomeric mixture of a= hydroxy amides could be

n separated Fractional crystallization from ether gave
. the faster migrating isomer qn TLC (ethyl acetate

:Rf ~ o 3) in 437 yield. This was tentatively assigned_‘

structure,91. The second isomer was'obtained'as a
/(A)\
P

syrup in 432 yield and was: designated structure 92

The presence of the hydroxy and amide functions vere

. 1confirmed by IR spectroscopy. %he ‘mass spectra had

peaks at m/e 338 (M +1),,337 (M ) and 323 (M +1-cH )

-\It is inuuesth@ that “in the subsequent sequence of"

)‘reactions, the derivatives of 91 were usually isolated

R A

as solids and those of 92 were obtained as syrups.
Both 91 and 92 were converted to - the acetates 93 and
94 in quantitative yield respectively, using acetic*.

anhydride in pyridine. The pProton - NMR spectra clearly

ishowed the presence of an acetyl func@ion with a’ three-
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proton singlet at § 2.06 for the faster migrating isomer

and 6 2.08 for. the slowver isomer. \The IR spectra/gave

absorption bands at 1750 cm_£ indiéative of an ester

group. The mass spectra had ions at m/e 379 (M ), 364G
(M -CH ) and 258 (M -CH3—OCH 5) Hydrogenolysis of .
either derivative over_SZ~Pd—C gave the deprotected
hydroky derivatiyes g§ and 96 in quantitative yields;
These derivatives ;ere identified by their mass spectra

. with ions at m/e 290 (M ‘+1{///]5 (M + 1-CH ),‘274

(M -15) and 232 (M + 1-CH_-COCH ) It should be noted

3

that care must be taken to monitor {his hydrogenolysis

reaction by TLC . (ethyl acetate, starting material

'«Rlis 0.79; product R

£ b3

“tive to traces of acid and also appears to be concentra-

-

=‘0 25)-' The reaction is‘sensi-

tion dependent._ After evaporation of ‘the solvent the

N

product was nsed without further purification. Treatment
R
of crude 95 and 96 with mesyl chloride ‘in pyridine gawe
the. 7- O—mesyl derivatives 97 and 98, _respectively,‘in'f
. 88% yield; The .hew mesyl signals in the PMR spectra
’~appeared at 6§ 3.06 for the faster migrating isomer and
8§ 3.04 for the'slower isomer., Major ions identified
'in thelmass spectrum wvere ‘at m/e 368 (M -+l), 353
| (M‘érl—CH3), 352 (M CH ), 323 (M CONH ), 310 (M + 1~ :.
.'_cns-cocna) and,308 (u —033-CONH2), -Thesa mesyl»deriva-_

ul;tiyesf{glhand'gé)iﬁere converted to thd 7-iodo com—r

. . o ) . o Jor
e L o : . L. : T S 7 “ . .
) . ot . .. [ . L E . . . .
. X . “ L - . . . . .
. . . . L . e - .
. . . . . . . )
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pounds (99 and 106) by treatment with sodium iodide in

2—butanone. *The iodo intermediates vere characterized

A

by mass spectral peaks at m/e 385 (M + 1-CH ) and 384

“\\

l(M -—CH3).: Hydrogenolysis of 99 and 100 over 5% Pd—C
" gave 101 in 94% yield and 102 in 91% yield. The 7-deoxy

function was evident from the'PMR spectra of 101 and
102 with methyl doublets centered at § 1 27 (J7 é = 6

Hz) for the faster migrating isomer and 6 1.33
"(_7;6 = '6 Hz) for the slower isomer. The mass Speetrum
displayed a. familiar-pattern with ions at m/e 274

ot +1), 259 (M+-+1-cu3),[258'(M+-CH3),229 (M"-CONH ),
T = '
216 (M' +1-cH

~COCH,). Although

3 3 3)-

previous“derivatives underwent only minor amounts (10~

-cocH,) and 215 ot - cr

15% ofvbase-peak)vof C—glyCOSyl bond'rupture, the

'

mass spectra of the 7—deoxy derivatives had substantial
fragmentation“to an ion idenified as d. Complementary

'to this fragment was another ion assigned the ‘structure
e. As shown below it is postulated that this fragment

‘-e vas the result of a different fragmentation pathway

J'from that for d. For lOl and 102, d was present in
322 and e in 83% relative intensities..
o 1 - . )
Deacylation of 101. and 102 occurred smoothly in methanolic

»ammmua to- give quantltative yields of 103 and 104. The~free
hydroxy group was evident -in the proton NMR spectrum

~as an exchangeable doublet at 6 5.7 and from the IR

J
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. band at 3300;3400 em—;. Iens~in‘the mase spectra were
‘observed at m/e 232 ot +1), 231 MMy, 217 («* +12cH 3)s
216 (M -CH ), 187 (M -CONH ) and 173 (M -+1 CONH2 -
’9H3). Fragment d was present as the base peak and e»
, ‘was present in 564 rela ive intensity. At this point,
"both isomers - were crysta&lized and readily character—

,.ized by elemental analysis. _Treatment of 103 or

1 4 with mesyl chloride in pyridine gave 105 or 106

»in approximately 842 Y1e1ds - These derivatives‘gave



‘typical PMR singlet values of 6 3.15 and 3.17 .for the

62.

mesyl group of the faster and slower migrating isomers,

respectively. No parent ifons were observed in the mass

spectra of 105 or '106. The major‘fragments present
vere m/e 294 o -cHy), d (‘16;’4). and e (100%). As
expected, disolacement of the mesylate function using
lithium azide proceeded'smoothly in dimethylformamide
‘to.give 107 and 108 in 93Z yields. The azide group
gave rise to a characteristic band at 2120 en” ! 1in
.the IR spectrum.’fThevmass spectrum had ion peaks at
m/e 241 (M'-CH,), 214 (M*-N;)‘agd 199 _(M+-CH$
welf,as fragments d (942)_and g'(ZlZ). Solvolysis’
of the amide and isobropylidene functions of 107 and
108 was achieved with ANGC(H ) resin in methanol to

give the methyl esters 109 and 110 in ~852 yields.

Both isomers were isolated as syrups aftergchromato—'v

graphy. The two isomers COuld.beAdistinguished in

the PMR spectrum by the carboxylate ‘methyl signals

—N3) as‘

........

.~ at § 3.82 for the faster migrating isomer and § 3.84 -

_for the;slowerlisomer. The heaviest fragment

ohserved:in:the‘mass spectra of 109'and~110.was‘at

m/e 213'(Mf;H20).iTreatment;pftthe vicinal'diolsf

(109 and 110) with bis-imidazole,thiocarbonate in k\,

acetone'gave the thiocarbonate derivatives”lll and'
112 in'~922 yield. The 1y NMR'spectra-ofrlll'andﬁllZ

again.exhibited the‘familiar downfield shift forbthe:
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sugar ring protons (H4, H;) attached tobthe’thioearbon—
ate function. The UV absorption for.the'thiocarbonate

derivative was evident at 238 nm, The parent molecular
ion of 111 and 112 was the. base peak at m/e 273 (M )

Fragment ions at m/e 159, 127 and. 83 were presumed to

be £, g andkg,' These fragments were also observed for

®, e ®
H3C 5 H3C &
O
Q0 c.
I '
S
t

-

/the thiocarbonate 88. The carbenoid type'structure inr
'5_18 an intermediate proposed by Corey. 6Q in the re—
'ductive eliminatioh of thiocarbonates with trialkyl—

uphosphites. The thiocarbonate derivatives (111 and
"112) proved- to be stable when stored at 0°C as a
'_solid They slowly decomposed at room temperature,;
f{especially when allowed to- stand in solution.

| At this point, it was antieipated that reaction
vof the azide and reductive elimination of the thio~
‘ carbonate function could be effected concurrently #s
:'with trimethylphosphite. ‘It had been reported thati-"
.azides are’ reduced to amines by the action of tri—%

'phenylphOSphine 169 179 or tl::lmethyls_ilyl;p‘hi.)s’phit:‘e*.l'?'l

.



" monitored by UV absorbance. The thiocarbonate start-
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v

Vigorous evolution ot gas’(presumed to be nitrogenl
occurred upon dissolvingeiﬂmr l;lior 112 in tri-
methylphosphite{. Heating ofmthis solution‘at reflux
B for approximately'fourteen hours resulted in.complete
‘ conversionlto an unsaturated product. This reaction
could not be monitored by silica TLC and detection of
A'the product by sulfuric ac1d spray. - Evidently this

" was due to the instability of the intermediates. How-

ever, a qualitative measure of reaction progress was

ing material is UV absorbing whereas the product is
% ‘

transparent. Complete loss of UV activity indicated

the disappearance'of starting material. Trimethyl—A

phosphite was the solvent-reagent of choice since it
: (

™~

fhas the lowest boiling point (111~ 112 C) of the readily
available trialkylphOSphites and can be removed fromi
a reaction by evaporation under vacuum. Complications

‘involving acidic impurities present in‘commercial tri-

N
‘

»methylphOSphite wvere avoided by using freshly dis-

tilled and dried trimethylphosphite Hydrolysis of\' T
the methyl @ster gfoup to give furanomycin (114) was;'

-'not complete in lN NaOH overnight at roon tempera-
,._ture.- Heating this mixture at 90 C for 0 5 hours‘

gaVeIa pale red~orange solution. TLC (nPrOH -H,0,

2
7:3) indicated that the reaction was complete. When -
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the initial hydrolysis mixture was heated for 0.5 hours

at 90°C, the,resulting solution was a dark red color.

The saponification aolution was adjusted to pHIZ,and_
applied to a calunmn ;f ANGC(Ht).resin. 1f the pH of

the solution is adjusted’to pH 5-7, most of the pro-

duct 1is eluted‘in the aqueous’vash along with the methyil
phosphates. Presumablv this.resulted from salt .
:formation‘involving the a-amino acid and “methvl
phosphates. This was rectified by acidifyingvthe solution
:to pH 2, which would result in protonation of the .
‘,amino acid andﬂmore'protonation of the! methyl phos+
phates. 'f The-separation efficiency-was also.depeddent

on the concentration of the applied solution._,Abu

dilute solution of the amino acid provided the best
'separation from the methyl phosphates.ﬂ The solution

was applied to the resin and the column. was washed//
'vwell with water. SuBsequent elution with 0.5 N

NH4OH gave the desired product.' The»ninhydrin‘posif

tive fractions werevcollected and‘evaporatediunder

vacuo to give ~50 mg (32/) of 113 or 114 as a tan

colored solid.’

The pH of an aqueous solution of the amino acid isolated

"’_‘iin,thi_s-' manner _was_ ap_proxi;nately pH 5~6. Contrary to the data
. reported for the natural antibiotie,36; this synthetic‘
'productydid'not'Crystallizeffroﬁ waterfu It was, ih‘fact,

. .
A



quite soluble in water7atvpﬂ—6.5.» Crystallization could.

not be induced by adjusting the pH of the aqueous solu-

R

tion to. the isoelectric point,éG (pH = 5.7). The syn-
thetic product was isolated asfanicrocrystalline‘pre—

cipitatebfrom acetonitrile-methanol and decomposed at

' . . \ .
175-178°C. The natural product was reported ‘to decom-

POQQ at 220—223°C.36 " The absorotion bands in the IR

spectrum of the syntheticusroduct at 3000'¢m‘1‘(NH3T), |
16’3o,cm’1 (c0,7), 1590 cmf.l, 1460 cm'l‘and 1380 co
did not corre8pond to those reported for furanomycin.

.The Rf values on TLC (silica gel solvent M Rf =~ 0.4)

and paper:chromatography (solvent M, Rf = O 46 and

solvent N, Rf = 0, 28), ‘were similar to: those reported

36'

Cotton effects observed in thevCD amd ORD spectra of
'onr-synthetic prodnct were.[6]216 3142,200-and'[¢]210'?'
1f100; respectively. Although these positive values

were ‘in agreement with assignment of 114 as an L-a—amino

_acid 36, 165 166 the elipticity reported for the natural

rantibiotic was [6}2104é +26,000. The optical rotation‘?
observed for “our product‘([a] = -50°) was also dif-

J

'ferent from that reported ([a] =‘+I§6)‘36 »The
specific rotation observed upon acidification ([a]
—8°, lN HCl) of our product provided further evidence

- that 114 is an L a-amino acid.l72_ The-proton-NMR
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spectrum of 114 at 100 MHz in DZO had peaks at § 1 38
(d’.—7-6 = 6.5 Hz, 3, H ), 3.93 (d, ~§§_3 = 3 Hz, lf
‘H,), 5.02 (m, 1, Hy), 5.%4 (a, 1, n3), 5.92 and 6.20

(ABX J = 6 Hz, 2Hz, = 1.5 Hz, 2,

=4-5 143 7 Is_¢ 4’
H ). Additional iﬂformation on 114 was obtained from

its’ 200 MHz PMR spectrum which had values of & 1.34

(d, —7f6 = 6.5 Hz, 3, H7), 3.81 (d, iz-j =3 Hz, 1;'u2),

. A %645 = zlgz"i6-4 0.5 Hz,
‘= 4.5-4?12, :16"2 l=fv0‘HZ, 1, H6')’ 5 24 (m’ 3_2 =

J3_4 = l .5 Hz, 13_5 = 1 He, i3-6'= 4 5 Hz, 1,

H, ),,5 82 and 6.10 (ABX, J4 5= 6 Hz, I, .= 2.3 Hz,

- de-3
. 3.0 Hz, J

\_._]_5_.6"v= 2 HZ, 2, .,4’

Ihadlpeaks;at § 1.34 (d, I, 6= 6.5 Hzy 3, H ), 3.88 (d,

HS). “The 400 MHz PM§ spectrum

Jp3 =3 Hz, 1, H,), 5.01 (m, 1, H §)s 5:31 (m, 1, By,

5 87 and 6. 15 (m,! ,HH H )bl The chemical shifts

4’
_(except for H. ) and coupling constants of our. product

in most cases were slmilar to those reported for

Gin‘

~ the PMR spectra were different.. Natural furanomycin

furanomycin.x However, the splitting patﬂuns for H.

y”;was observed to have a multiplet (quintet) pattern for

B with I, . =6. 4 Hz, = 1.9 Hz,, = 1.7 Hz }’

=6- 7 6 -5 ~6- 4 o
. 3 ,5.7 Hz. Synthetic 114 displayed a narrow

6
and J

with J. 6 .5 Hz,

1mu1tip1et‘fo: H6 6 7

» L. 5"'2 Hz'
- 0 5 Hz and J =4, 5 Hz _'Th 130 NMR spectrum

of 114 had seven distinct carbon signals that were

j'-ass:lgtu-:d as follows, 21 2 ppm (CH ),,57 4 ppm (C ),
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83.6 and 84.6 ppml(C3,C6)r 125.1 and 136.0 ppm (c;,csj
qand‘172r0 ppm (COZH). I l . '
: The'a-am;no-diastereomer 113 was easily distinguished“
rrdm 114 by its physiéel aud spectrsl properties}. This
product decomposed at 185 190 'C and had an optical ro-

tation of [a]D = +21°, The Rf values on paper chromato-

£ = 0.45 (solvent M) and R,
N). The Cotton effect Observed ia~the CD.spectrum ﬁas

graphy were R = 0.28 (solvent

[8] = —1700 It was estimated by integration of the

'Hé signal in the PMR spectrum, that 182 of 114 was pre—

~sent inwthis sample. The prdtqn NMR spectrum (200 MHz)

of 113 had values of § 1.28 (d, J, . = 7 Hz, 3, H.),

s . . . . ’ o
= 2.5 Hz, :16_4 = 1.Bz’ "16“3 = 4.5}12,.:1‘6_2 "YO. Hz,_ o
i3_2 = 4 Hz, 3 4 = 3 Hz, l3—5“=pl4uzf \\‘i

= 4.5 Hz, 1, HS)’ 5.70 ‘and 6.12 (ABX 3

= 7 Hz),

- Je-s
1, B, 5.30 (m,
23-6 Z4-5

4 3 = ? Hz, 5 6 512 .5 Hz, 2, 'H4 and H ) The 400_
. MHz ln NMR spectrum of 113 had values of § 1.31 (d

J, ¢ = 6.5 uz,. V), 4.01 (d, 3y-3

5.02 . (m, 1,»&6);'5.32‘(m, 1, Hy), 5.72 (4, 1, Hy),

 6.14 (4, .1, HA)._CThe‘lsc NMR,signaLs-dfuIIB were

? Hz"lr‘azi?

.assigned'as.foiloms, 29.9 ppm‘ic\), 56.9.ppmv(C7Y

AN

84 0. and 83 6 ppm (C C ), 122 9 and’ 136 3 ppm (C )

The 4, 5 dihy&ro compound :& ) was - prepared by

A 't/‘/:
‘Vhydrogenating a sample of 114 over’ SZ Pd C at. atmos- -



P

thotton effect of 115 (plus byproducts) was [9]

nreported data for natural furanomycin could not beV'-

t-accommodated by the reported structure.° Coincident L

‘Joullie and lo workers 1?3 appeared presenting evidq‘w

69.

b

Pheric pressure for 10 h. The proton NMR'specter-in-
dicated. that the major product had values similar to,
that reported >° with § 1.22 (d, 3, H,), 1.40 - 2.20

(m, 2; 4 5)» 3.65 , l'vH‘), 3.70 - 4,50 (m, 2, H

3,6)'
It appears that under these reaction conditions at

| least three minor byproducts were produced as detected-

:by PMR spectroscopy.' This could result from both.

. racemization at C2 and epimerization at C The CD

3°

>,

215

“+2 000. The large change in.eliptiCitYreported

*
o ~

t_‘upon reduction of furanomycin([e] = +26 ,000) to. dihydro—

furanomycin([@] = +5 OOO) was not observed for the con—

L version o{\ll& to 115.,"

It appeared that these discrepancies with the

3

"vith completion of this thesis, a- report by- M.‘M,a

ence: that the structure of furanomycin should be re-[“
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)

vised to 2(S) amino-2- [2 5-dihydro- 5(S) methylfuran Z(R)—

.yl]ethanoic acid (116) This trans isomer (116) has

similar but distinguishing properties from the cis struc—‘J

ture (114) reported originally. 36 In private communi-

#. Sy : . : (:ii—“///\\

COxH

'cation with M. M Joullie, we were provided with informa—‘

'tion on the physical and spectral data for 116 and 117 pre~

pared by the Ugifour component condensation method 174

The trans isomer (116) ‘was shown by Joullie to be

iidentical to an authentic sample of furanomycin by

melting point ,optical rotation, TLC IR and PMR wfﬁ”

‘spectroscopy. The diastereomer 117 was shown to-be

diffetent from 116 by optical rotation and PMR spectro-e

7,scopy“’..

B Joullie and co-workers also prepared diastereo~

- oy .

'meric_ is iSOmers 118 and 119 by the Ugi method but

bpthey wére unable to assign the absolute stereochemistry

3 and 26 ? We determined the CD

Cotton effects of 116 - 1%9 with samples kindly pro—’

at the starred carbons C

~7]v1ded by Professor Joullie.YWe found that the elipticity

a - -

]
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at 210 am for 116 was [6]210 = +26, 000 as reported for.
natural furanomycin. Although the CD Spectra of many
amino ‘acids have definite maxima,none was observed in
the spectrum of l“g ‘ The reported elipticity value was
measured at.210 nm on an inflbction of aosharply rising
curVe of*a positive combination Cotton effect. The Cb -
Cotton effect for 117 appeared as a minimnm at 220 am’
of [9]220 = -2 900 ‘ Normally a-amino acids give rise \‘
'to a Cotton effect between 210 - 215 nm The apparent

"um for, 117 appears at 220 nm because the true'

: ;nega ive extremum is shifted to longer wavelength by';
'a sharply rising positiVe Cotton effect similar to
“tha% observed for 116., This postive Cotton effect

| coudd result from an enhanced strong electronic transi~ ;fh

™

. tion occurring in the short wavelength side of ZLO nm.?

“4H,It Ls interesting to note that this intense Cottonolf'

x~effect was not observed with the cis isomers 114 118

af‘and 119.; The CD Cotton effects for 118 and 119 were

+

'Tf.minimums at 216 nm with valuea of [61216 - -2 900 and
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S L . : e e e e

ot

(9] = -2,900, respectively. These CD spect' 1'resu1ts"

216 1
support the assignments 75

by Joullie . _co;workers of
116 as an g—a;amlno’aéid and 117, 118 and 119 as D-a-
'amino aeids. In addition, a. cquarison of .the._ physicaﬂ
and speetral properties Of 118 (Joullie) and 114 (this
.work) revealedjthat they are similar. The_optical
.rotations were +6. 9. for 118 and —8° for- 114 ‘and the

CD Cotton effects ,were [e] = =2 900 for 118 and‘[el =

L +2, 200 fo 114. ‘This data indicates that 1 115 and 114 =

are enantiomers and therefore the structure of 18 can'

be assigned 2(R) amino 2- [2 5- dihydro S(S)—methylfuran--

() Yl]ethanoic acid. o T 5
. L
A similar inspection of the physical and PMR spectral

',data for 119 (Joullit) and 413 (Ehis’ work) revealed that .

[

they are similar. “We observed that the optical rotatign
,-of 119. (Joullie) had a value of [a]D = +35° It was. al—
reedy determined that 114 had a. rotation of [ ] = —8°

TN
'.Assuming that 113 (this work) and 119 (Joullye) are identi-

'-ical and ‘our synthetic product 113 contained approximately

'5::calculated as [ai = +27

‘182 of 114 the optical rotation for this. mixture wa§ SRS
” g : : N S

This is in good agreement -

iwith the observed rotation [a]D = +21 for the'mix- »3
ﬂ.ture of 113 (824) ‘and 114 (18;) The.CD spectrum of .

(containing 182 of 114) \has'similar to that

\

ﬂ'ffobserved for 119 and had a valde of ;[91216‘---1 700.**-'

",fTuerefore it is prOposéd;that the structure of 119 j-’"
_;;‘G : _

e T R T S
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N N
4

is assigned 2(R) amino- 2 [2 5 dihydro S(R) methylfuran—

2(R) yl]ethanoic acid .
Considering all of the preceding information'

we propose that the originally suggested structure 7

-

l'gu (114) for furanomycin (which ve prepared in the presentb
. work by a: classical stereochemically defined approach)

1is not idenuical-to the natural antibiotic. The syn-

a

thetic stugies, empirical H NMR correlations made by
Joullie and the CD’ data from 6his laboratory are in
agreement with. the assignment of structure 116 to the

antibiotic»furanomycin. Further definitive proof

would require a single crystal X—ray determination.

»

In conclusion, a note- of interest - may be made

o concerning the relationship between the biological

»

-:~. activity and structure of furanomycin as a metabolic

f{antagonist.‘ As previously mentioned in the intro—

. ﬂuction, furanomycin in some respects.resemblesi;;,

the polyoxins (7) and the recently synthesized 176
.; s N . . .
i 2(8)—amino-2—[3 chldTo 4 5 dihydroisoxazol S(S) yl]- ﬁ

£

ethanoic acid.d One apparently uurecognized

o

structuraL feature distinguishing these‘

\4_.\‘

“is ;he configuratianpat the B~ position.Surprisingly

little nention is nade in the 1iterature of’the

F e
. -
o~ ) . ’

stereochemical reqnirement of u-amino acids Other-'ﬁ_ﬁ:“i

'iﬁ‘than at the g position.g Those reports that have f'

‘"g'appeared on L isoleucine, L-threonine, L—ﬁhenyiserine ?5¢3

.7 T s . R ST R S l__”
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and L-allo-isoleucine, 17?’1?8 noted that the config-

uration at the B-position is important. For example,177

it was found that the rate of L-amino acid .oxidase
with L-threonine and'L—isoleucine was fastet for a B-
‘L configuration than for the corresponding B-D diast-~

ereomer. In'a similar manner, the: rate of D amino acid

-

oxidase with ﬁ—iSOIeucine and D—threonine was.found to

' be faster for the B D than the B-L configuration. Chemi-~
cal 179 and X-ray 18,0.ana1'yses have shown thatvthe con-
figuration at'the B carbon‘of the naturally occurring

diastereomer of L- isoleucine (120) is (S) _ Similatly,

it has been;established 181 182 that the configurations

~oi L-threonine (121) and'é—allothreon}ne (122) :corres-
=pondvto”thdse of Liisoleucine (120) and L;ailoisoleucine

(123);jrespective1y. ‘Also, studies with L;O-methyithreo—v.

”nine (124) and 1its diastereomer L- O-methylallothreonine

(125) indicated that the formér is a competitive inhibi-

tor of L-isoleucine incorporation whereas the labter is

~ mnot.’ This reflects the enzyme—substrate specificity in~-
: &

gvolved in the utilization of‘L-isoleucine. It,iS*tempt-
ing to speculate that the specificity of furanomycin, =

‘1as an L isoleucine antagonist could be mimicked by
A

:other Ldamino Acid derivatives with substituents

‘ﬁand configuration at the B-carbon resembling those

sof threonine or i-o-methylthreoninec The crystal

0 _f/’ . . - L S T . e R

Sl



122R=H
" 124R=CHy .28 B-'?C-Hs‘ |

L' structure of L-threonime‘ has been established and the

'solid state conformation is as indicated in 12 -'It

—r—e.

- is possible that furanomyciu would assume an analogous ;“'

oL R

75 .



.76.

*w

‘conformation as shown in 127. It may also be noted that

the configuration at the B-carbons for the ant}bidtics‘

......

polyoxin (7) and(2(§)—ami§o—2—{3—chlo:o-4,S—diﬁydfOiso— _
azol-S@Q-Ylléthanoic’acid (125 sFereochémich}iy'resgmblé'
those fér k-aliothreoninel(izgjuo;vEfgamethyléllbthféo—
nine (125) the diaéﬁereomerS'of E;thteo;iné and L;Q,'

methylthreonine. . -

-3-Ethylidene-L-azetidine-2- ‘
carboxylic ac!d : ‘

S-O-catbamoyl-2-amino-2-deoxy-L- '
xylonic acid or 3-deoxy deriva—
tive . ,
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SUMM%%E-

e
A synthetic route to 2(S) ~amino- 2 [2 5 dihydro—

5(R)~ methylfuran 2(R)- l]ethanoic acid (cis diastereomer

diphenyl 2 (5~ 0 benzoyl 2 3 0 isopropylidene B D- ribo-ﬂ

o

{In the subsequent series of reactions each isomer was

]

ff’}f by~ debenay;ation with hydfﬁgen over Pd c followed by

-furanosyl)imidazolidine (44) The S-O-benzoyl group
.was converted to the 5 -0- benzyl group by deprotection
: with methanolic sodium hydroxide followed by reaction

:with _benzyl bromide and sodium’hydride in . dimethflform—

N

amide. Hydrolysis of the imidazolidine protecting

*

group of 90 with p-tolueneSulfonic acid gave ‘the free

"

aldehyde which was’ treaq\d dié?ctly,with-sodium cyanidé
andpotassium carbonate follow

d by hydrogen peroxide,
This modified Strecker-type synthesis led to the iso-
lation of 3 6- anhydro 7- O behzyl 4 5-0- isopropylidene-'
D-glycero D- (allo and ak;ro) heptoamides (91 and 92)

which were separated Ey frsctional cgystallization.

Vo

xreated separately. The 2 hydroxy function was pro?

',,tected with acetic anhydride i pyridine. Conversion'

‘of furanocyin) (114) has been devi&\d sfarting with 1, 3-,_

o

to the 7—geoxy derivative (rbl and 102) was accomplished

B3

~

' mesylation, displace@ent with sodium iodide and re—,u

duction of the 7-iodo derivﬁtion with hydrégen over
. **, o
Pd C _.The 2~O-scety1 function.was removed with
5 ) : . 5 ,:-r;:,o
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ae

derivative with mesyl chloride followed ‘by displacement

with lithium azide gave a key intermediate 3 6~ anhydro—A

2 azido 2,7~ dideoxy -4,5- 0~ isopropylidene-D glycero D (3110

'and altro) heptonamide (107 and 108). Concomitant

solvolysis of the amide and isopropylidene functions
was achieved using ANGC(H ) resin in méthanol. The o
resulting a-azido ester was‘treated'with bis imidazole

thiocarbonate to give the 4, 5 0- thiocarbonato ‘inter-

.mediate (lll or 112) Reductive elimination of the

thiocarbonate function with trimethylphosphite (Corey—'
. Winter procedure) gave accompanying reduction of‘ghe
az2ide function. (Hydrblysis'of thisaintermediate_with

1N sodium'hydroxide‘gave‘the-desiredlproducts,'2—(3

<€

“and S) amino 2 [2 5- dihydrOwG(R)-methylfuran—Z(R) yl]

”:__ethanoic acid»(113 and. 114)

o mycin be revised to 2(§) amino 2c

=

A recent report by M. M Joullie and co-workers:

- \ B

| suggested that the’ structure of the antibio ic furano-
[2 5- dih{:to 5(S)—~
, nethylfuran-Z(R) yl]ethanoic aciz\(trans diastereomer‘

Ny het

prepared 2(R) amino 2 [2 5 dihydro S(S) methylfuran-;"

. \

.

1 PZ(R) yl]ethgnoic acida(ll?) and the diasterepmeric '}

2&3)-amino—2 IZ 5~dihydrgiS(R and s)*methylfur\n 2-=

'1; A(R and‘S)Jyl]ethanoic acids (118 and l ) ‘ The Q§g;-»

e

%figurAtions at 93 and CG of the latter coﬂpounds £

(™ ” PR
o R oL TR

"oﬁ our synthetic product, 116) These workers also l o

-« .

*_ vere unknown.f In privete communication with Profebsurp“ —
e~ In privace communication with Frofeasti
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‘Joullié'we defermined that the CD Cotton effects were
_in agreement with their original assignments of con-
figuration at C 2 for the a-amino acids ‘ Furthermore

it was found that 2(3) amino 2-12, 5 dihydro 5(5)—methyl-.

furan }(S) yl]ethanoic acid (118) prepared by Joullie

and coworkers was the enantiomer of our cis L- a-amino

acid\product and their 2(R)—amino-2-[2 S-dihydro—S(R)-g
,'methy1furan— (R) yl]ethanoic acid (119) was identical
-‘to our cis D—a-amino acid on comparisongof their
‘physical and spectral properties._ ' Y' ' : | ;o
- It was concluded that the indepeqdent synthetic
stndies, empirical 1H ‘NMR - correlations made by Joullie
iand the CD data from this laboratory are in ‘agreement
*with the assignment of natural furanomycin ‘as 2(_)-
'amino 2-{2,5- dihydro—s(§)—methy1furan-2(R) yl]ethanoicv
.;acid and not 2(S)—é@ino 2 [2 5= dihydro S(R)-methyl—b

.

furan-Z(R) yl]ethanoic acid as proposed originally.



EXPERIMENTAL >

A.’ General Procedunes » e'”

"

neltingbpoints»are_uncorrected and were‘taken on a

Reichert microstage,apparaﬁus.' Ultraviolet spectra were

»

'recorded’On a Cdry 15 spectrometer-in methanol. Infra~

red spectra ‘were recorded on a Nicolet 7199 FT(IR)-

spectrometer, in chloroform solution, as a neat film or -

‘in KBr pellet._ The CD and ORD spectra were run on a

.~§~
Jasco ORD UV 5 (CD SS 20) spectrophotOpolarimeter in’

H 0 or HCl solutions. Optical rotations were. deter-

g mined with a Perkin Elmer 241 pflarimeter. ‘Proton~NMR“

<'spectra were recorded on a’ Varian HA IOO instrument

:normally ianDCl

i

3 unless speci&ied otherwise..'The 200

"and 400 MHz spectra were recorded in D20 on” a Bruker»"'

-szH 200,and-3ruker7WH.4D0 instrument, respectively. ?he h
13 - -

c NMR spectra were run on a Bruker HFX90 (Nicolet

- 3

- 1080) instrument in D 0. Mass spectra were obtained by

2 o

v~the ‘mass spectroscopy laboratory of this department on

'isample introduction from 100 250 C ‘ Chemical ionization f .

o an AEI MS 50 (70 e/v) instrument using direct probe

W )

"V'mass spectroscopy data was o%tained using the AEI MS 12

&:~(Nﬂ ) instrument._ All peaks quoted gave satisfactqry ”f,~~[

i

“<'agreement in mass messurements with the structures

) L3

*fassigned Elemental analyses were dete\mined by the micro—_.fi"

’ Qa?alytical 1sboratory of this department._ﬁlfﬁr’r

;

4

]

3
i

1

B9

o .
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'Allisolvents were distilled-prior\to use. Skelly
'"B" was distilled and ‘that fraction boiling at 63 65°C
ﬂwas recovered : Purifications of solvents and reagents
were accomplished according to those Qescribed in
"Purification of Laboratory Chemicals » D D. Perrin,
W, L F. Armarego and D. R. Perrin, Pergamon Presa of
:Canada Ltd., GlAdelaide_St. East, ‘Toronto, Ontario,
;s1966;_ Reactions'were'protected from’moisture:usingpa
}‘drying tube filled with calcium sulfate unless the re-
_vaction was performed ‘under nitrogen. Solutions were
?‘dried Vith anhydrous sodiun sulfate prior to concentra-

[tion.-’Evaporations were carried out using a Buchi

"frotary evaporator equipped with a dry ice condensor

':w'using the‘water-aspirator or oil’pump~vacuum,1 Hydro—

'-r¥5New York 'or from Apache Chemicals Inc., Seward Illinois.'

genationsiwere performed over: sz palladium on charcoal

. catalets obtained from Eastmaq Kodak Co., Rochester,

'7For hydrogenation of the tri-O benzil derivatives,-

vifthis catalysm was activated by washing with lN BCl

f;_~5followed by H

20. The catalyst was then dried and kept

fiunder vacuun. Raney Nickel (#28) was purchased from
#
and CO., South Pittahurg, Tenneasee.ff{k

o

f?fﬂ R. Gtacef

Thin layer chromatography (TLC) waa performed on 7f¢f:.'“

't
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Pl

" .
pared in a chloroform slurry) ‘were used for detection by
\spraying with a 5% H2804~Et0H solution and heating the

plates to 100 200 C. Silica gel column'chromatography
- was p;rformed usinguJ; T. Baker #5 -3405" (60 200 mesh)
‘silica éel., Ion exchange chromatograg@y and‘améde hyd—
Mrolysislwith acid resin was effected using ANGC(H ) -244
resin from J. T. Baker Chem. Co. The systems ‘used for
| silica gel chromatography were. solvent A: Bkelly "B"
-ethyl acetate (5: 1), solvent B' Skelly "B"-ethyl acetatee
(1: 1), solvent C: Skelly "B"-chlormform (1 l), solvent‘
Skelly "B"eether (1: l), solvent E Skelly "B"-etherh
:(1 4), solvent F Skelly "B" ether (4“1), solvent G'
»chloroform-ethyl acetate (1: 1), solvent H' Skelly "B"’u5xrv_
'.ethyl acetate (1 2),.solvent K Skelly "B"-ethyl ace—'.
tate (3 l) ' Paper chromatography was performed on
: Whatman #2 chroma sheets. The solvents used fbr’w
‘ascending chrdmatography vere . solvent M' n—propanol- >
~water (7 3) and solvent N"n butanol acetic acid—
Hc-water (4 1 6 upper phase) . The products were detectedh
'by ninhydrin spray using color development at roomrl

:temperature.‘lf.'_."_ph- STy

3
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-

B. - 'Syntheses
l ’-\ r
Reaction of diethyl malonate, diethyl acetamidomalonate‘-’

and diethyl nitromalonate with 5 -0 - trityl 2 3-0- isopro— |

— —

v‘ ylidene-B D—ribofuranosyl choride, to,give 37 - 4
L : . o o o .
The diethyl malonate (Zemmol) in dimethoxyethane

(5 ml) was added to a stirred suspensiog of sodium hde
ride (96 mg, 502 oil suspension, 2. mmol) in dimethoxy

ethane (5 ml) under nitrogen" at 0 c. After 0'5 h at

L.
-

room: temperature, the mixture was treated with sodium

iodide (300 m33 2 mmol) and chloro sugar 36 (900 mg,

2 mmol) and stirred at reflux for 2 h. The mixture'o L

’

‘j‘was cooled ‘and poured into ether (50 ml) and saturated‘

-

-aqueous ammonium chloride (100 ml) B The organic layer

'lwas washed with saturated brine (3 x- 25 m dried and
fevaporated to ‘a. syrup. The residue was purified by i_r
-chromatography on silica (20 g, 2 2 X 18’cm) 'Elution -
‘ }with solvent A gave the deaired product 37, ‘38 (852),1 .
39 (~452), 40 (<457t IR (film) Q9 1745 w7
'i;kcozczus), (40) 1680 % (NHCOCH ),‘1730 em -'(cdgc,ﬁ“),dﬂ'

20285 2 3)2)’“

?1uun (cnc1 ) 81, oo - 1.50 (m, 12 co C,H, and c(cH
7;?j3 00 - 5 00 (m. sugar), 7 00 - 7 50 (m, 15, C H ).-ng fff:l‘

rr;(39) 6 6 00:(d7y?ru4 - 5 Hz, 1 n ), (40) 5 40 (d, i}f3iﬁi aiiki
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, 3,6—Anhydro-4,5,7-tri—g—benzoylrg-glycerofg4(allo,

and‘altro)fheptonohitrile (ﬁg) o "_ .bf{, B
- A stirred'solptioz/of-the.protected ribofuranoa§l.‘ T o
' o /o ! o W
imidazolidine (23 ‘R.7/ z) (1.33 g, 2 mmol) in methylene

/

~ ‘nhloride (40 ml) at room temperature was. treated with p—“

:ltoluenesulfonic acid (1 14 g, 6 mmol) in acetone (10

:ml).- After l h the solution was diluted with methylene
chloride (40 ml) and filtered The filtrate was treated'
with sodium bicarbonate (2. g) This mixture was re-i»

',filtered amd evaporated to a ;;rup. The residueiwas‘fi

‘vdissolyed in p dioxane (40 ml), cooled to 10° C and o ;': ﬁ;
itreated with sodium cyanide (2 g) in water (20 ml),
_A?i:f 0. 5 u at room temperature the mixture was diluted

Cowi saturated brine (20 ml) and extracted with ethyl .¢u¢;~’

{ -

acetate (3 x 25 ml) The combined organic 1ayers were 1jl
washed with aaturated brine (3 x 10 ml) dried and ~fsbf‘ fp;t”

tidevaporated The reaidue was chromatographed on silica;:

R:‘(25 "8, 2 x 14 cm) ‘ Elution with solvent B gave 910 ,, . )
'*fjf”mg (91z) of 42 IR (ftlm)l725 cm (benzoate), 3450 »;'ifg.?fi
;"f'f (on), NMR (cnc1 ) 4.2 -4, 7.(bs, 1, OB), 4.4 * : -ib [ -
*7i3f4'6 (m. 1 B ) 4 sa— 4 s (m, 3,,»5fand “6'“5".4 8 -1i;f:;ii'%;i

'J':"Af;?«-"* 9 (m’ 1 “z)' 5.6 - s 9 (m,.z, as and o, ). 7. o _.,'} SRR

8 1- (‘" 15 it “s’ LR
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A

13 »6-Anhydro-2- 0 acetyl 4, 5 7-tri- O benzoyl D—glycero—

D (allo and altro) heptononitrile (43)

T

s - A,solution of the a-hydroxy nitrile (42) (910 mg,

1 8 mmol) ‘was. dissolved in-pyridine (25 ml) at 0 C. and
. v "4
v treated with acetic anhydride (1 ml). After 16 h at

-~ ,f_. O°C the solution was diluted with ice water (50 ml)
and extracted with chloroform (3 x 25 ml) ] The combined\

organic layers were washed with lN hydrochlonic acid,
. & IR
saturated sodium bicarbonate and saturated briue.,-The

-

@olution was dried and ebaporated to give 830 ng (762)

of 43 as, ‘a syrup.‘ One isomer was fractionally crystal—w

”

11ze¢efrom cbloroform—Skelly “B" (zoz) 'mp 148 - 150°¢;

IR (&ar) l725 en™t (benzoate), 1760 cm” (acetate), NMR“'

. SV

(CDcl ) 6 z o (s,'3, cocu ), 4 5 - 4r9 (m,'g. u3 6,

m, 7’. .’ 7')’ 5 6 = 5 9 (m’. 3 Hz J'A'.) H ), l - 8 2 (mn
galcCalcd for 030 25 9N C 66 30 H Q:ddin,
z 58.; Found 66 so,_u; 4. 66 N 2,43.

2 SaAuhydrorB 4-0 isOpropylidene—D allose (27)

:é }f@&;;' A stirted’solutionﬁof the ribofuranosyl 1midazoli—>:f~~g




I'/. | - ".‘ v - . ) _': ‘ " B : o »‘ . /;
ether (25 ml) and filtered through celite.' The. filtnate‘

‘vas concentrated to a white gum and dissolved in ethyl

‘-acetate (25 ml), This solption was washeg with a smallm

X , . N : . R .
KN a -l . - . : . . Lo - .

volime 6f saturatedfbriﬁei('Sﬂmi)‘evThe a&deo@s_layer
Y

-q@fas extracted with ethyl acetate (3 x 5: ml) -Tﬁe.
combined organic-layers-were dried and evapor—“
‘ated to a white s«lid (210 mg, quantitative) This |
'\soltd was ctystallized from chlorofotm and Skelly "B"“L'e
'.fito give 150 mg (752) of 27"mp 168 - 170 C, Lit.altepet;.v e
"135 - 186°c; mm [(cn ). col 5 1 30 and 1. 38 (s+s; 343, / :
-cccn3)2), z.rss (m, 1, .on), 3.20 - 3, 65 (m, 1, .n), 3. 80-; i
4.10 (m, 1 -‘ 1'1)-, 4. 61 - 4.85 (m, 3, u), uS w/e 202. 0843 -
(1 35, n " calcd for cgn,“os \202 0841)\,;187 0608 _;;- s

b (100, u" cu ), 185, 0815 (5 44,_ -on)7<\173 0813 (6 13,
.__M*-oa-cn) T R S

AnaL Calcd for C9B14 5 VC 53 46 H,q6 93 0 RS g ,
& -'39 604 Found €, 53.24 a, 7 00;. 0, 39. 69._

Ei

L 3” 6 4Aiih-jr’d ro- :2' '-ﬁl-b-eﬁ'zyivaﬁiﬁo'-fz'-aéa&yf-‘h ‘séolisisﬁ‘rdbiﬂd%eié—fg;i c

"}glycero-n—(allo and altro) heptononitrile (47) and

'fjheptonamide (48)
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\
ture, a solution of benzylamine’hfdroehloride (149 mg)
'15 water (2.5 ml) was added. —The eolution wes_heeted
“at 80°C for forty minotee, cooled and extracted with

chloroform (3 X 25 ml) . The combined organic«la§ers,
were dried and evaporated to give 210 mg (65/) of 47:
NMR,(CDCl ) '§ 1.32 and 1.48 (s+s, 3+3, C(CHB)Z), 3.0

(bs, 2, OH and NHC H_), 3.5 - 4. 9 (m, 9, Sugar and

77
2 6H5), 7.3 (m\MS CGHS)’ MS m/e 291 (M HCN), 276,
o THo;q-CHB), 195 (M- Cq 8N2) ,
This residue was dissolved in p—dioxahe.(S ml)

: ™
cooled to’ 10°C and treated with potassium carbonate .
(100 mg) in watet (2 5 ml), followed by 30% H202 (2.5
’ ml). The mixture was stirred at room temperatwre for

-2 h dnd extracted with méthylene chloride (3 x 10 ml)-,

The .combined organic layers were washed with water

-

(2 x 10 ml) dried'and evaporated. T?iiresidue was
l"purlfied by chromatography on 31lica

R g,‘ﬁl 8 x 13
cm) .. Elutlon with ethyl acetate followed by ethyl
acetate-ethanol (9:1) gave 180 mg (53%) of 48 as a
',syrup: NMR (CDCl3)'6vl.32 end 1,92 (s+s, 3+3, C(6H3)2),
' 3L0'(bs,'2, OH and NHC.H ), 3.2 - 4.7 (m, 9, sugar and
2 6H5)’ 6. 05 and 7 0 (bs, 2, CONH ), 7.3 (s, 5,
CoH)s NS m/e 321 (i -cu3), 292 (1’ CONH,), 230

+ . : :
(M-gNHC7H7l,



v T 88
3

Methyl 2,f,5-t:f;9ﬁmethanesulfonyl—B-Q—ribofuranoside

49) B | - = ” i
Metkanesulfonyl éhloride (15 g, 10 ml, 120 hmol)
was added d:opwisé‘tq a stirred solution gf methyl B—Q—
ribofurgnésiﬁe lﬁz'(S‘g, 30 mmol) in pyridine (75.ml)
at 0°C. After 30 ﬁiﬁ at OJCvthe solution was heated
at’40°C for 45 min and po@r;d into a mixture of ice
'.w§tér (500 ml) andvm?thy}ené chlorgde (200 ml).‘~Tﬁei
aqueous 1aygr was éxtractedZwith methylené.chlofide
(3 x-100 ml). The:combined organic layers ﬁere washed
wiéﬁ satufatédbsodiﬁm_bicarbonate (3Vx.50hml); satur-
afed brine (3 x 25 ml), dried and. evaporated té a
’solid.  This residue was crygtallized from chloroform-
ethaqol to give ﬁ0.7'g (887%) of 52: mp 140 - 141°C .

23

[al)” - 4° (¢ 0.2, CHCl,); NMR (DMSO0-d ) § 3.20 (s, 3

ocn3), 3.25 - 3.30 (3 singlets, 9, soscu3), 4.35 (m,

3, HA,and_us’S.), 5.05 - 5.30 (m, 2, H, and H,), 5.12
(s, ;;,ui); MS m/e 319 (M+-5929H3), 289 (M'-50,CH, -
~»0CH3);'240:(M+—2.SOéCH3). "

. | ,Aﬁ;l, Calcd for'ngl8$3011: q% 27.14;.H, 4.52;

s, 24.12. Found: C, 27.14;5 H, 4.465 S, 24.10.
p .

‘Methvyl 5—deoxy—5—iodo—2,3—di—g—methane5u1fopyl—B—Q-

ribofuranoside (51)

A sbluﬁion of the tri-mesyl”deriyative.(ﬁg)'(1.2 !

ug,‘ 3,mﬁol) in dimethylforwamide (10 mi) waé treatea
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with sodium iodide'22§0 mg, 3 mmol) and ﬁeated at 150°C
for 30 min. Lghe mixtﬁrékwas cooled, diiuted with chloro-
form (20 él) and filtéred. The solid Qas washed with
chlbroform (30 ml).\ The combined filtrates Vefé washea
with 5% aqueous sodiumrbisulfite s;lution (3 x 10 ml),
éagurated brine (3 x 10 ml), dried and eVapofated to a

solid. This residue was crystallized from MeOH to give

: : . ol
1.25 g (91%) of 51: mp 108 - 109°C; [a]ﬁ? - 4° (c 0.2,

CHCl;); NMR (CDCl,) & 3.14, 3.17 (s+s, 3+3, SO,CH,), 3.45

(s, 3, OCHB), 3..30 - 3.45 (m, 2, H5,5')’ 4.25 (m, 1, H4),

5.00, 5.05 (m, 2, H, and Hy), 5.10 (s, 1, Hj); MS m/e
3 calcd for C7H1297SZI:

398.9106), 350.9406 (3.94, M+—SO CH3).

©398.9088 - (0.48, M'-ocH

2

Anal..Calcd for CSHiSSZOBI: c, 22.32;‘H, 3.49; S,
14.88; I, 29.53. Found: C, 22.36; H, 3.463 S, 15.00;
I, 29.52. '

S
3

A

Methylb5—deoxy—2,3-di-g—methanesulfonyl—B—Q—ribofurano—

‘side (53)

AAsolufidﬁpof the iodp.derivative (él)-(43qug"
1 mm;l), t;ietﬁylamine‘(lso mg) aﬁa a chip of dry icez
'in ethyl "acetate~-ethanol (2£i, 10 ml)‘wasihydrqgénafed
at atmospheric.pressﬁre 0verv52 Pd—C (50 mg). Afﬁe;
5 h the'mixﬁmre Qas filtered and ev&porated.--Tﬁe
: rgsidue_waévdissolved in chlofofqrm (50 ml), washed
with 5% sodium bisuifité’(B-x 1Q,ﬁl), saturated b?ine

A%
5%
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(3 x 10 ml), dried and evaporated to give 300 mg (98%)

of 53 as a syrup. This product was homogeneous by TLC

4 o
. (EtOAc, Rf =p0.8):;NMR (CDC13) § 1.45 (4, 15_4 = 6 Hz,

3, CHy), 3.11, 3713 (s+s, 3+3, S0,CH,), 3.40 (s, 3,

OCH,), 4.28 (a, I/ g = 6 Hz, J, 5 = 6 Hz, 1, H,), 4.89 -

5.10 (m, 3, Hy, H, and H,).

Anal. Calcd for C8H16 2 8

'21.05. Found: C, 31.43, H, 5.24; S, 20.70.

o

Méthyl'5—deoxy-5—iodo-2,3—di—g—p—toluenesulfonyl-3~2‘

ribofuranoside (52)

A solution of the 2,3,5-tri-0O-tosyl derivative 153

(50) (626 mg, 1,mmoi) and:sbdium iodide (lSO»mg,‘I
mmol) in.dimethylformé&ideQ(S ml) was heated«at'iBQ;C
for 30 min, codled and poured into a mixture of 5%
sodium bisulfite and ether (50 ml) ,The organic 1ayer‘
- was washed-ﬁith saturated brine (3 x 20 ml), dried.énd’
Tevapéréted to give'590 mg (quantitativé)ﬁof 2&5 NMR

(90 MHz) (cnc1 ) § 2.45 (s, 6, SO,CH CH 3)s 290 -

6 b— :
3.35 (m, 2, 5 5.), 3 35 (s, 3, OCH ), 4. lO (m,_l, H ),

4.60 - 4.80 (m, 2, H, and H,), 4.98 (s, 1, H)), 7.20-

7.99.(m, 8’;0634)'

»Metﬁyl S—deoxyrZ,3—diFg—p—tdiuenesulfonyl¥842~ribo—

_furanoside (54) o
’l

A solution of the iodo derivative (52) (200 mg,,



- 0.34 mmol), triethylamine (250 mg) and a chip of dry
X‘ice in ethanol (10 ml) was hydrogenated over 5% Pd-C
at atmospheric pressure. After 4 h the mfk{gre was

filtered and evaporated. Thé residue was dissolved in
chloroform (25 ml) and washed with 5% sodiudhbisulfite
(2 x 5 ml), saturated brine (2 x 5 .ml), dried and

5%

evaporated to give 135 mg (85%) of 54 as a syrup - NMR

(90 MHz) (CDCIL, )’ & 1.10 (d g5_4 = 7 Hz, 3,‘cu3), 2.45

o3 e44CH3) 3.25 (s, 3, OCH,), 4.15 (q, 3, 5 =

7 Hz, J,_, =7 Hz, 1, H,), 4.50 - 4.80 (m, 2, H, and

(s, 6,

Hy) 2 4.90 (s, I, Hl), 7.25.- 7.90 (m, 8, CeB). :

\

1,3~ Diphenyl 2-(2,3-0- isopropylidene B~ 2 ribofuranosyl)-

imidazolidine (45)

A solutloh of“the 5-0-benzoy1limldazolidine:der—
ivative'(44) (lObg, 10 mmol) (prepared by Moffatt and
co—workere : ) in chloroform (150 ml) was added to a \
‘stirred solution of 0.1N ‘sodium hyd;oxgde in methanol
(150 ml) at room temperature; Afrer Z.SZh_thebsolu-

tion was poured into chloroform (200 ml) and saturated

ammonium chloride,(ZOO ml). Tﬁe adueous layer was

N

3

,extractedeith'chloroformj(3 x 25 ml). The combined

-

organic layers‘were washedlwith saturated brine (3 x
20 ml) dried aad‘evapdrated'fo a white solid. This
"residue was dissolved in hot methanol (150 ml) and

allowed to crystallize at . room temperature._,The
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. . | ’ -t o i
product was filtered to give 7.5 g (95%) of 45: mp 170 =

171°C; [a]g? - 50° (c 0.2, CHC1,); UV (MeOH) max 253

nm {¢ 34,700), 293 nm (E 4400), NMR (CDCl ) s 1. 26 and

1.35 (s+s, 3+§,\b(cu3)3), 2.2 (bs, 1, OH), 3.3 - 4.7
i . . ' . .
(m, 10, sugar and CHZCH ), 5.65 (s, 1, Hl); 6.7 - 7.3

(m, 10, C.H,); MS m/e 398. 2159 (1. 34 M++2), 397.2124

gv(4507, M +l, calcd for CZ3H29N204 397 2127), 396.2029

: 4+
(1.21, M+); 395.1971 (2.38, M_-l), 38271857 (0.94, M +1-

_cuy), 381. 1820 (2.99, mt-cu 3.
Anal. Calcd‘for CZ3H28N204 C, .69.69; E, 7.07;
N, 7.07. Found: C, 69.53; H, 7.00; N, 7.09.

1,3~ Diphanyl 2- (5 0~mesy1 2,3- 0 isopropylidene g- D—

ribofuranosyl) imldazolidine (55b)

Methanesulfonyl chloride (170 mg, 1.5 mmél) in
methyléne chloride (1 ml)‘;as ad&ed to a soldﬁion of
,the imidazolidine éﬁgér (éé) (396'mg, 1 ﬁmol) in pyri-
‘ diné (4 ml) at O;C;V-After 4 h at 05C ;hg solution was
‘poured ;nto séthratédwsodium picarbonate (20 ml)vahd‘
methylene chlprideb(BO’hl).'iThewo;gﬁndcﬁlayqf was
“gwashed-ﬁith &ater‘(Z x 10 mi); drigd andieyapprated

to give 450 mgiof a whité solia. This reéidue'was

' ¢rystallizéd.ffom me;hanol to give 400 mg (842) of
S55a: mp:“l30°.dgcom§ositidn; [ajga - 41° (510.1,
CHC1,); UV (MeOH) max 254 nm (e 33,400); 292 nm (e
5000)} ﬁMBV(CDc;3) 6l.25.and,1.35 (sfs;'3+3; C(CH3)él»

N



 368.1192 (0.42, M -cH, —NC6H

~

' 2.80 (s, 3, so'cnj), 3.4 - 4.8 (m, 10, sugaf, CH,CH,)),

2 2

3

o . . S + v
for CZ4H30NZSO6 474.1848), 473.1743 (9.44, M -1),

379.1975 (1.50, M'-OMs), 378.1949 (6.01, M -HOMs),
§ . . AN .

5

Anal. Calcd for 024H30N250 C,'60.76; H, 6f33;

6"

N, 5.91; S, 6.75. Found: C, 60.61; H, 6.40; N, 5.63;

-

s, 6.80. - //

1,3-Diphenyl-2-(5-chloro-5-deoxy-2,3-0-isopropylidene-

B—Q-ribofﬁranoeyl)imidazolidihe'(SSC)

A solution of the imidazolidine sugar (45) (l 18
g, 3 mmol) in pyridine (30 ml) under nitrogen was
cooled‘to 0°C and treated.withvtriphenylphqsphine
(.57 g, 6 mmol) add carbor tetrachloride (0.57 ml,

6‘mmol). Ihe,solution was allowed to stand at room

temperature for 24 h, treated with methanol (5 ml) and

p . v
evaporated to a gummy residue. 'The residue was a

' chromatographed on gilica (10 g, 1.8 x ll cm). -Elution

(
with solvent C gave a white solid after evaporation

of the solvent. This residue was crystallized from

) methaﬁol to-giveAl.l‘g (88%) of 55c: mp 126 = 127° c;

[a]zg - 30° (¢ 0.11, CHC1,); UV (MeOH) max 253 nm

(e 31,299),_shou1der; 293 nm (€ 4,100); NMR (CDC1,) 6
1.27 and 1.41 (s+s, 3+3, G(CHy),); 3.40.- 3.90 (m, &

o

93.

5.60 (4, 3, _, =2 R&{\iltil), 6.6 = 7.4 (m, 10, CeHg)s
. - - T +
S m/e 475.1846 (0.20, M ®1), 474.1804 (0.46, M , calcd
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CHZCHZ)’ 4-07 (q,‘i5“6,6' = ‘
(m, 2, Hz and HA)’ 4.68 (d of dy<J = 5 Hz, J = 6.5 Hz,

1, Hy), 5.59 (4, J) , = 1.52 Hz, 1, H,),

C(m, 10, CH)3 MSym/e’416.1756 (0.55, M'+2), 415.1786

5 Hz, 1, H.), 4.40 - 4.50 -
6.50 - 7.40

+, ! -
(.22, M +15» caled for C23 28N203Cl 41?;1788),

414.1746 (1.00, M'), 413.1675 (0.62, M'-1), 401, 1456
(0.55, M++2 - CH ),~399.1464 (1.16, M+—CH3).
. It N -

Anal. Calcd for C23H27N203C1 €, 66.515 H, 6.75;

N, 6.75; C1, 8.43. Found: C, 66.35;. H, 6.64; N, 6.50;

Cl, 8.68.

1 3- Diphenyl 2- (5 deoxy-2,3-0- isopropylidene -B-D- rlbo-

furanosyl)imidazolldine (55d)

-

A soldtion of the 5~chloro sugar_imidazolidine

{(55¢c) (1525 g, 3 mmel) in benzenee(30.ml) was refluxed o

withltri—n-butyltin" hydride (6 ml of lM‘selution, 6
mmol) and azobisisobutyronitrile (50 mg) - under nitro-
gen for 12 h. .The solution was evaporated to a syru?
_iand chromatographed on silica (20 g 2. 2 X 18 cm)
';Elution with Skelly "B" followed by . solvegi D gave a
,white solid This was. crystalllzed from methanol to
give 1.03 g (904) of SSd: mp»113 - 114° C [a]. - 39°"
(c 0.1 CHCl ), uv (MeOH) max 254 nm (€ 34, 600),
'shoulder 292 em (g5, 100), NMR (ngl ) 6 1. 20 (d

>

, 55-6 =_7 Hz, 3, CH ), 1. 23 and 1.37 (s+s,~ ,}C(QH3{2),

3.50 - 4.70 (m,;_,.sugar GHZCHZ), 5.51 (d, J, . = 1.9

1-2

S



/
- K

i y .

Hz, 1, Hy), 6.60 - 7.40 (m, 10, C(H,); MS m/e 380.2090

- n .
(0.12, M , calcd for C23H28N203 380.2065), 379.2018

S =
(0.17, ¥'-1), 365.1860 (0.28, M -CH,).

C

-Anal. Calcd for C23H28N203 C;'72.63;¥H, 7.37;
N, 7.37; 0, 12.63. Found: C, 72.54; H, 7.58;'N, 7.09

0, 12.79.

' 5-0-Benzoyl-2,3-dideoxy-B-D-glycero-pent-2-enofuranosyl-nit—-

rile (58) A
A mixture of . the rihofuranosyl nitrile (56)
(5‘26 mg, 2 mmol) and sodium iodide (600 mg) in aceto—
nitrile (10. ml) was treated with a-acetoxyisobutyryl—
chloride (700 mg) at‘room temperature. "After 135 h
the~mixture was diluted with chloroform (40 ml),
washed with saturated sodium bicarbonate (2 x 20 ml),
,.SZ sodium bisulfite (2 x 20 ml),‘dried and evaporated
to . give 900 mg of a syrup. This was dissolved in ‘
lacetic acid (30 ml) and water (10.m1) cooled to -20°C
'land treated with freshly prepared Zn-Cu couple. After
stirring for 1 h the reaction was filtered the solid
:washed'with SOZ-acetic acid (20 ml) and the filtrates
‘extracted with chloroform (3 x lOlml)' The combined
organic phase was washed with saturated sodium bi-
carbonate,.water (2.-x 10 ml), dried and - evaporated

to'give 540”mg'of a.syrup. TLC revealed this to. be a

“ 4 .l ot - ,
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o~
]

mixture of produets. Preparative . TLC gave
the déSired,product 58 (~60%Z): NMR (CDCl3) (90 MHz) §

. 4.5 .(dd, J = 13 Hz, J, . = 3'Hz, 2, H, and H,), g

‘ 6-6" | 6,5
5.2 (m, 1, Hg), 5.5 (m, J, ; = 2 Hz, 1, H,),

‘6.16 (m, £3_4 ~ 6 Hz, 2, H3 and Ha)’.7'2 - 8.21(m? 5,“

5.96 and
: A

Methyl S—Qlffityi—s-g-ribofuranoside\KSQ)

o A solutlon of methyl g~ -D- ribofuran031de 162° (l &4

e,

g, 10 mmol) in pyridine (25 ml) was treated with trityl
//EBIoride (3.3 g, 12 mmol) at’ 0 C. and then allowed to
' stand at-room temperature for 48 h. The solution wasf‘
‘diluted with -‘chloroform (100 ml), wasﬁedrwith saturaredL'
brine (3ax 25 ml),!dried and-evaporated to\a syroo
This residue was putified by chromatography 6n silica
550 g, 3 x 20 cm). »Elubionvwith_solvent D followedrby
“ether gave 3.78 (93%) of 59 as a clear viscous syrup:
[@)?) - 28° (¢ 1.8, CHCL,); Licolﬁ3,e[a]§3 750 T
(5'1.9,_Cuc13); NMR (CDC1,) & 2. so - 3.90 (bs,_z; OH)",
3.25 (s, 3, 0CH,), 3.10 - 3. 40 (m, 2,

Hg 51), 3.90 -
2‘)3’4)’30954 (d of d.’ 9‘2—1 = 0-5 HZ,

Jy.5 = 5 Hz, 1, Hy), 4.82 (4, J; , = 0.5 Hz, 1, H)),

7.10 -'7.60 (m, 15; C.H.); MS m/e 374.1518 (1.40,

4.30 (m, 3, H

4 L
M -BOCH3, caled for Cz& 22 4 374 1518)
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Methyl 2,3—9;thfocarbonatp—S-g&trityl—B—B—rioofuranJ—

<

side (60) _ e P

Y

A solution of the 5-0- trityl derivative (59) (2 05
g, 5 mmol)cand diimidazole thiocarbonate (l 3 g, 7 3 ]
-mmol) in dimethylformamide (25 ml) was heated at 90 Cc
for 3 h, cooled, diluted with ether (50 ml) and poured
-into a solution of saturated sodium chloride (100 ml) |
.The aqueous layer wascfxtracted with ether (3 x 25 ml),
The.combined organic fafers were dried andlevaporated
to give 2.13 g (912) of a light yellow foam. This was
dissolved in dimethylformamide (3 ml) and diluted with-
ethanol (20 ml). The résulting crystals were‘filtered,
to give 1.4 g (60%) of colorless‘needlee‘(60)' mp 125 -
12§°2.' An analytical sample was recrystallized from
ethauol—chloroform _mp 132 - 133° C [a] l— 22°'(c 1,..

8

CHCl ), UV max (MeOH) 238 nm; NMR (CDCl ) 8 3 12 (s,

:ﬁ,ogh),324(m,J

Joy_suw = 10 Hz, 2, “5'—5")’ 4.51
(4 of 4 3, 50 = 6 Ha, J4osn =9 Hz, 1, H), 4.93
(d, 3, 5 = 7 Hzy 1, By)), 5.02 (s, 1, H;), 5.16 (d,

34, = 7 Hz, 1, Hy), 7.10 - 7.50 (m, 15, CeHg)s MS

S

+ o : :
m/e 488.1346 (2 7, M7, .caled for c26324053 ass.izas).
Anal Calcd for C26 24 i, Cy 69,64;‘3, 5,36;
S, 7.14. Found: C, 69.76; H,- 5.60; s, 7.10.
| . - . .

- Methyl 2 3 dideoxy 5-0- trityl B~ D—glycero pent-2 enofur—_

anoside (61)

! . ;\\.



98.

A solution of the 2, 3~ 0- thiocarbonate (60) (896 mg,

"2 mmol) in~trimethylphosphite (4 ml) was refluxed under
,

nitrogem for 7 h. . The mixture was cooled andvconcent-
. \
rated to a 8yTrup. This reSidue was chromatog@aphed on

silica (20 g, 2. 2 x 18 cm) Elution with Skelly "B"
1z pyridine followed by solvent D gave 670 mg (90%) of
‘a white solid This was diséolved An ether and diluted

A\

vwith pentane. . The crystals that formed were collected

fto give 400 ng (542) of pure 61: mp 87 - 88 C; Lit.léz
‘l‘i 82 - 83°C; [a] - 88° (c 1,,cuc15) Lit.l62 [a123 -

72° (e.1, CHCl,); IR (KBr) 1625 cm™l (c=c;;“1590”cm'1;
. NMR (cbc13).a 3.00 - 3.40 (m, 2,,u5 s1)s 3.40 (s, 3, fv~
' OCH;),. 4.75 - 5.00 (m, 1, H ), 5.70 - 5,90 (m, 2, H, ),
| ). =00 2,3
\ 6.00 - 6.15 (m, 1, H)), 7.1o\t 7. 60 (m, 15, € Hi '

| - o ol ‘ , ‘o
: ff :\ l,3—ﬁipheny1?2-(s-gfdimethoxytfityl—BFg—ribofuranosyl)"

g\imidazolidine (63) . : RN A \.‘ e

&

A solution of the imidazolidine sugar (62) (1 78

g» s mmol) in pyridine (25 ml) was heated at 70°C vith

o d&methoxytrityl chloride (2.2 g,v6 mmﬁlyh?dn&fs min.

T e mixture was cooled diluted with chloroform (100

7

‘ml R vashed with. saturated brine (3 X 20 ml), dried.
© and evaporated to a syrup. This residue was purified
by chromatography on silica (100 g; 4 5 x 18 cm)
Elution with solvent D followed by solvent E gave 3.0
.g (912) of 63 TLC revealed the presence of a trace R
impurity (solvent B, f product s 0. 2 Rf impuritv_=
: e e ..~.t | S S ;

A QL-'
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. 0.26) in 63: [al - 16° (c 0.1, CHC1 ) UV (MeOH) d*x
' )
254 nm (E 32, 000), max’. 239 nm (E 30 000), shoul&er 278

' nm.(25,300); NMR (CDCl3) § 3.99 -"4.30 (m,'13,.éuga;,

2 1-2

CH -Cué), 3.75 (s,‘e,,ocu3), 5.65 (bs, J, . = 0.5 Hz, 1,
Hl), 6f4b - 7.50 (m, 14, Cs“s?‘

1,3-Diphenyl-2-(5-0-trityl-B-D-ribofuranosyl)imidazoli~

" dine (64)

A solution of the imidazoqidine sugar (62) (712
mg, 2 mmol) and trityl bromide (969 mg, - 3 mmol) in
»pjridine (10 ml) was heated at 60°C for 1. h. ;The

. -

course of the reaction was followed by TLC (EtOAc Rf
:-sﬁ. 0. 5 f \?rod 0.75). The reaction was cooled

: diiuted wyfh.ehloroform (Sorml), washe with Saturated.
" sodium chloeide’(B x 10 ml), dried end evaﬁoretedrto

"a foam;LZThis reéidue Qae‘pofified by‘ghromatoéraphy'
on silica (20 g, 2. 2'x-lO co) -ﬁlotioo‘wiehgsolvent

D followed by ether gave ‘1. 1 ‘g (92%) of 64 as ‘a white

23
D

-nm (E 31 800), shoulder 293 nm (e 4 200), NMR (CDCl )

'foam a] m-l7° (c O. l CHCl-); uv: (MeOH) max 256

5 3. 00 --4.4D (m, 13, sugar) 5.65 (bs,- 3,
1,"H;), 6.50 - 7.70,(m, 15,& 5) Ms m/e 580 2728

(.01, M - H,0, caled for C,H 'N.0 580.2726),._

% Q. 5 Hz,‘

27 39 36 2 3°

_562.2601'(2z25,¢_+ - 2;320) -

Y
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1,3—D1pheny1-2-(s—g—cricyl—z,3—d1deoxy—8-g—g1yééro-

pent—Z—eﬁofuranosyl)imidazolidine (66)

£

A solution of the 5-0~-trityl imidazolidine sugar
(64) (598 mg, 1 mmol).in’acetone (10 ml) was treated

. . -
with diimidazole thiocarBona;e (300 mg, 1.7 mmol) and
left at room‘teﬁperécure. Aftef 15 h the solution
was evaporatedhto a2 syrup, and purified by'filteringi
an ether solution of the residue over silica (5 g) -
" Concentration of the ether filtrate gave 600. mg (934)
of solid 65. - | |

L4
A solution of this thiocarbonate (640 mg, 1

mmol) in P(OCH )3 (2 ml) was refluxed under nitrogen
for 8 h, concentrated to a syrup and chromatographed
on silica (10 g, 10 x 1.8 cm). Elution with Skelly

"B" followed"by soivenc F gave 525 mg (93%Z) of solid
66. Recrystallization of this material from ether-

' Skelly "B" gave 315‘mg (56%) of pure product: mp. 126 --
127°c; [a]23 - 35° (e 0.1, CHCl,); UV (MeOH) max 256

nm (e "31, 400), shoulder 293 nm (e 4,100); IR (KBr)

‘qm'l 1590 1620; NMR (cnc1 ) 6§ 2.85 - 3,15 (m, 2,

H, 6,.), 3.30 - 3. 10 (m, 4, CH,CH,), 4.80 - 9.00 (m,

6"

1, H), 9.20 - 5,30) (m, 1, Hy), 5.47 (d, -3

1 2
-gz, 1, gi},~5.70 "5-90-(9» 2, 33;4)"6'5°‘f,7f50
(m, 25,-C'H ); MS m/e 564,2777 (2,68,M+,3calcd for

C39H36N202 564.2777?.
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Anal. Calcd for :-C, 82.98; H, 6.38; ﬁ;

C39H36M2%
£

4.96. Found: C 3.17; H, 6.58;.N, 4.83,

N
(o

3,65Anhydro—4,5,7—tri-g—benzyl—g—glycero—g—(allo and

altro)—heptonamide (68)

A solution of.p—toluenesulfonic acid monohydrage.”
(5.9 g, 3653_mmol) in«acetone (5 ml) wae“added to a -
stirred solution of the imidazolidine sugar 36 (67)
(6.5 g, 10.3 mmol) in methylene chloride (100 ml) at O° C
After stirring for 15 min at 0°C followed by 30 min at
‘room temperature, an additional 500 mg.of p-toluene~
sulédnic acid'monohydrate'in acetone (1 ﬁl) was added.
After a tqtal reaction time of 1 h, the mixture was
diluted with‘uethylenepchloride'(100 ml) filtered
through celite,'wasped with-saturéted briue (3 x 20 ml),
dried and evaporeted. The residue was«dissolved in
1,4—dicxane,.cooled to'10°C,'eud treated with sodium
cyanide (8:7fg) and potassium carbonate.(8.7 g) in
m'water klOO ml). After stirrihg‘at o°cC for 30 min’tHe.
reactiou was treated dropwise with 30%hhydrogen per-
'dxide (30 mi). After stirring for 1 h at 0°C.the\
mixbure was poured into water (3 L) The precipitate
was filtered and drled to give 4.5 g (91%) of 68

TLC revealed the -presence of a trace of impurity.

(CHClB/EtpAc 1:1, impurity Rf = 0.8, product Rf = 0.2).
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3,6-Anhydro-4,5,7-tri-g—benzyl—24g—methanesulfonyl—2-'

glycero-g-(allo and altro)-heptonamide (69 and (70)

A solution of the a—hydroxy amide 7 (68) (4 77
g, 10 mmol) in pyridine (25 ml) and ‘methylene chloride
(35 ml) at 0 C was treated droﬁwise with methanesul-
fonyl chloride (5.7 g, 4.05 ml, SOImmol) in methylene
chlofide (15 ml). After 7 h at 0°C the reaction was
diluted with methylene chloride (200 ml) and poured
into dice cold 1N hydrochloric acid (100 ml)v The
organic layer was washed with 1N hydrochloric acid
(2 x 50 ml), aaturated'sodium bicarbonate (3*x 25 ml),—-
saturated brine (3 x 25 ml), dried and evaporated to
a solid This was’ triturated with hot ~ether (100 ml)
and filte}ed to give 2.4 g (43/) of 69. TLCckethyl
acetatefchloroform (1:1) Rf = 0. 4) revealed this to
'fbe the faster‘migrating iaomer This product was‘re—
crystallized from methanol to give 2.1 g (85%) of pure
white_needles: mp 173 - 174°C; [a] + 65° (c 0.2,
'cnci ); IR (KBr) 1650 cm.-1 (CONH ) NMR (CDCl ) S

2.91 (s, 3, SO3CH ) 3 44 and 3.71 ("octet" J7;7,

‘10 Hz,.‘7_é = 3 Hz, i_7'—6 = 2;5 Hz, 2,’H7’7,),,3.85‘e
4,80 (m,‘lp, sugar and CH2 6H5)? 4.90 (d’.£2-3‘= 5 Hz?.
1, Hé),'5.7 and 6.5 (bs, 2, CONH ), 7.30 (m, 15,

5) MS m/e 555 1954 (l 0, M calcd for 029 33 S'

555,1927), 476.2014-(0.57, M -SOZCH3); -465;1409"
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(25.97, M7 + 1-CH,C Hg), 464.1374 (100, Mt - culcom S
. 5 | 15C%

449.1501 (2.41, M + 1 - ocH, 6H5), 448.1416'(2.7, M+ -
OCH,C H.), 358.0963 ot - “CH,C H, = OCH,CyH) .
Anal. Caled for C29H33N0853 C, 62.70;" H, 5.95;

N, 2.52; S, 5.%6. Found: C, 62.83; H, 6.07; N, 2.54;

S, 5.78. |
The‘reéidual syrup was chromatographed on silica

(40 g, 3 x”i4 cm) . Elution.with solvent G gave 2.1

g (38%) of lg as a whiteréolidf This slower migraging

isomer'wa; cry;ta}lized from ether (50 ml) to give a

solid (1.2 g) which contained a traéé of'the "TOP" isomer

as seen by TLC;,m§‘114>— 115°C; [a]Iz)3 + 30°% (e, 0.2,

CHC1,), NMR (CDc13)'6 2.86 (s, 3, SO CHy), 3.47, 3.62

3
(m, i7_7 = 11 Hz, 17—6 = 4 Hz, i7.;6 - 3.5 Hz, Zf
H7’7.), 3.80 —»4.70 (m, 10, sugar and CH2 6HS),‘~4.91
(4, 12_3 = 4 Hz, 1,-H2), 5.9 and 6f4_(bs, 2,l CONHZ),

7.25 (a, 15, CH,); MS m/e 555.1928 (0.33, M', calcd

| N
for C S: 555.1927), 476.2049 (0.06, M - SO»CHS);_

29833N0g 2
37

465. 1426 (11.0; M+ +1 - cu2 GHo)s 464.1392 (41.78, M' -

CH2 5 5),‘449 1481 (0. 75 M + 1 - OCHZC6H5).

3;6—Anhydfoé2-a2ido-2-deoxy—4;5,7-tri—g—bénzyl—2—glyc—_

'efo—g—(altro and allo)-heptonémide (71 and 72).

A so0lution of the a-mésyl amide_(gg or lg).(l.il 8>
2 mmol) and lithium azide (245 mg, 5 mmol) in dimethyl-

formamide (40‘ml) was heated at. 100°C for 6 h,-éooled

L
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and poured intdbethef (100 ml) an8 5% aqueous sodium
chlpfidé‘(ZS ml).v The aqueous layer was extracted with
ether (3 “% 25 ml). The combined organic fractions were
eVap?rated to avsyrup and purified by chroﬁato;raphy én
silica (20 g, 12 x.2;2 cpl; Elution with solvenﬁ G .
gave-tﬁeldesiredlbfoduct. . ‘;

"Faster"‘isoﬁer kli); Thg yield affér chromato—

graphy was 980 mg (98%). This solid was crystallized

from ethanol in épproximately 50 - 70%Z recoVery:

93 - 94°c;'ta]g3+ 13° (¢ 0.2, CHCl,); IR (KBr) 167

en”t (CONH,), 2110 em” ! (Ny); NMR (CDC1,)f8 3.46, 3.57

(m, £7_7, = 10 Hz), J,_ = 3,5 Hz, 2,

H7A7,), 3.80 - 4.20 (m, 11, sugar anc
. b

and 6.3 (bs, 2, CONHZ), 7.3 (s, 15, C HS); MS m/e

CH2C6H5), 5f8

474.2157 (4.81, M'-N,, calcd for C : 474.2155)

28%30829%
- CH,C.H.), 383.1610 (4.59,

2’
384.1646 (1.17, MT + 1 - N,
M -ﬁzf-cazc6ns),,368,1734 (2.18, M" + 1 - N, =
(OCH,CeHy).

‘ Anal. Calcd for C28H3QN405: q, 66.93; H, 5.97;
N, 11.15. Found: C, 66.57; H, 6.06; N, 11.11.
"Slower"” isomEr‘(lg);‘ The yield after chromato-
graphy was 920 mg (92%). .This solid was cryétaiiized
in approximately'702 recovery from ether - Skélly "B":

‘mp 155 - iS&’C;'[a]§3.+ 10° (¢ 0.2, CHCL,); NMR (CDC1,)

'§« 3j92'aqd 3;603(0ctet, I, 40 =’lb Hz, J. ¢ = 3.5'H;,
= 4 Hz, 2, H7”7;),‘3;80 - 4.70 (m, 11, sugar and
: o > ) o :

_7f;5
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CH,CcHs, 6.0 and 6.4 (bs, 2, CONH,), 7.3 (s, 15, CeHods
+

b

MS m/e 503.2268 (2.13, M' + 1), 502.2179 (0.21, M

. ‘ 4
calcd for C28H30N405. 502.2189)} 475.2211.(6.66, M +1-
+

N,), 474.2147 (11.08, M" ~N)), 384.1645 (1.79, M -

NZ - CH2C6H5).

Anal. Caled for C, H, N,0.: C, 66.93; H, 5.97; N,.

N

28730 4 5°
11.15. Found: C, 66.96; H, 6.11, N, 10.97.

2(S)-Amiﬁo-2(B—Q-ribofuranosyl)ethanoic acid (zé) or L-

"glycine ribose and 2(R)amino-z(B-Q-riﬁofuranbsy;)ethanoic

‘acid (Zgjlbrhg—glycine ribose.

‘A solution of the tri—g¥benzyl‘protected a;azido

. | o ‘
amide (71 ;; 72) (502 ?g, l'mmol)_ip 1,4~dioxane (;0 ml)
and 552 HCl/HZO.(élml) was stirred at 80°C for 18 h,
cooled, diluted with'gater (éO ml) andféxtracted with
‘cﬁlor0£orm\(3 x 20 mli. Thejcombined ofganic 1ayer$
were washed'withvéaturated brine (3 #'10 ml),{driedV
-aéd‘evaporaged to give'SiO'mgv(quantitative) 6f‘a
colorléSs stiff syrup. This gas.dissoived-in éthanol
(40 ml)vand\lngﬁAOAc—HOAc (10 ml, adjusted to ﬁH_S
with HOAc) and hydrogenated ngr‘SZ Pd—C’(SOO mg) at

1004psiifor 48 h. After this time the reaction was filt-

wered throhgh’celite'and~the cétalyst was.washég with
'95% ethanol (25 ml) and H,0 (25 ml). The combined filt-

2

rates were evaporate&ﬂto'a/é*rup and applied to a column

of AﬂGC(H+)‘ resin (20 gm). The column was washed

\
A

. ;

s
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well with water (uetilgthe eluatts were neutral) followed
by 0.5N ﬁHaOH. The ninh&drin positive fractiongtwere
collected and evaporated uﬁder vacuum to gire 110 mg
(532 yieldfof 75 or 76 as a tan colored solid, which
migra ed as one spot on paper. chromatography [solvent
'system M (R = 0.25) solvent system N (Rf = 0.07)].
Crystallization of lijfrom ethanol-water gaye'fihe'
colorless needlee: mp 208 210°C (d); fd];3 ; 12° (c
0.1, B,0); IR (FT) (KBr) 1640 cm (CO,H), 3400 ca™'
(0H) ; ounv(gg gc;) [¢}255=?+24mo; CD (6N HC1) [(01,,4 =
- +2,010. | o |
| .'éﬂil- Calecd for C7Hl3N0 .3/4H20: C, 38.36; H,
6.62; N, 6.39. Found: C, 38.05; H, 6.57; N, 6.L0.

. The remaining isomer 13 was iselated-as an amor-
phoue solie: mpel20’C (d); [d]k ?’4f (c 0 1, Hzoj; ORD
(6N HC1) [41, .

—2 300; Cb (6N HC1) [0] -1850. -

225 210 =

.1 3- Diphenyl 2-(5-0-trityl-2, 3-di -0~ benziLB D-ribo—

.furanosyl)imidazolidine (7

Thefimidazolidipe'sugar (64) (3:0 g, 5 mmol) in DMF
(12.5 ﬁl) wvas addee to a Buspeneion of NaH (960 mg,
502 oil suspension, 20 mm) in DMF (5 ml) under nitro-
gen at 0°C. After 2 h at room temperature the solu-
tion was’ coole? to 0°C and treated dropwise with |
‘benzyl bromide (2 38 ml, 3.42 g, 20 mmol) in DMF J

(7.5 ml) over a periodipf 30 min; ~The mixture was
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then stirfed at room‘temperature for'Z.Seh;'carefullj
quenched with MeOH tl ml) and poureo lnto'a mixture of.
_ether (200 ml) and HZO_(ZOO ml)«_ The aQueous,layeriwae
extracted with ether (3 x 254m1).-wThe_coﬁbinedﬂorganic
leyere wvere weshed with saturated brine (3'x lOIml),
drled and eoaporated to a brown syrop whlcﬁ was puri—_
fied by chromatography oo silica (100 g5 4»5 X 18 cm).

Elution vith Skelly "B" followed by solvent F and then

solvent D gave 3.45 g (882) of 77 as a pale solid foam

homogeneous by TLC (Skelly "B"/ether 1:1 Re = 9.7):
»[a]§3 +8° (c 0.1, cnci 4)3 UV (MeOH) max 255 om

: O .
(e 32,000), shoulder 293 nm (8 4,200); NMR (CDC13) J

3 00 - 4.60 (m, 14, sugar and CH CH ), 5.67 (bs, ;,

2
Hl), 6.60 -~ 7.50 (m, 35, C6H5), MS m/e 778 (M ), 670

‘(M+ - HOCH,C

2CeHs) 562 o - 2(HOCH, G (H)) -

1;3-Diphenyl-2-(5-0- dimethoxytrityl 2,3-d1-0~ benzyl B-D-

ribofuranosyl)imidazolidine (77a)

,A 891ution of the imldazolidine suger‘(éé) (S.Q‘g,
0.75 mmol) in dimethylformamide (20 ml) wes_added ef.
0°C to a'sospeneion ofisodiﬁﬁ hydride (1.48 g, 50% oil
suSpegsion, 3 mmol) in dimethylformamide (8'm1) under‘.
, nitfogen; °Aftef§2 h at room'temperaﬁute tﬁe reactiop
wvas cooled to 0°c. and treated dropwise with benzyl-*
bromide (5 26 g,v3.65 m1,13 mmol) in‘dimethylform-'
qmide,(lz ml), After Z:h at room.temoerato;e,vthe

' \
@-
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'reaction was quenched with methanol (2 ml) and poured
into a mixture of ether (100 ml) and SZ .aqueous sodium’
chloride solution (50 ml) The aqueOus layer was ei>\
tracted with ether (3 x 25 ml). The combined organic
layers were washed with saturated brine (3 x 25 ml).

' . 43

" dried and.evapo ted to a syrup which was purified by

chromatography on silica (100 g> 4 5 x 18 cm) "EXlution

with Skelly "B"<f:iizredtby solvent D gave 5.4 g (BSZ)ﬂ

23
D

UV (MeOH) max 239 nm (¢ 33,000), max 253 (e 33, 500),

of 77a as a pale yeéllow foam-f[u] 4 (c Q.l; CHC1 );

shoulder 238 (e 5 700); NMR (cpely) 8 2.90 - 4. 80 (m,
15, sugar and C2 2), 3.75-(8, 6,‘OCH3), 5.58 (bs, 1, H),
7 6.60 - 7.50 (m, '33', C-6H5 and cﬁn,‘); MS m/e 838 (M+ ’

+ . +
Cs6Hs,N,0.), 730 (M -Hocnzc6ns), 622 (M -2(Hocnzc6ns)),

303 (c, 2)7223 (C

21 19 15 15 2)'

: 3,6-Anhydro—4,S—di-g—benzyleg-glycero—g—(allo”and altro):

heptonamide (79)

A solution of the trityl-protected imidazolidine
sugar (77) (7 78 g, 10 mmol) in metHylene chloride \
(150 ml) was treated with p toluenesulfonic acid mono—“
fhydrate (7 6 g, 40 mmol) in acetone (10 ml) and stirred
‘at room temperature for 50 min. The solution .was’
diluted with methylene chloride, filtered through

g celite, neutralized with pyridine (l ml), and evapor-

ated to a syrup. The residue was purified by . chromato-
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grhphy'on silica (80 g, 23 x 3 cm). Elution with chloro-

. ,forﬁ‘followed by solvent A and then ethyllacétate gave

2.8'3-(822) of 78: MS m/e 342.1466 .(0. 07' M+, cakcd for

Ca0l2295¢
234.0887 (3.30, M -HOCH

342.1466), 251 0915 (28.88, M —CH2 ),
2C H ) |

This syrup was dissolvedvin 1,4—dioxane (80 ml), .-
cooled tb 5°C and treated,with sodium cyanide (4 g) and

potassium carbonate (4 g) in yate; (60 ml). Afte£‘30

min at room temperature the mixture was cooled to ro;

l and treated with 30%Z hydrogen peroxide (19 ml). - After

1nh at 0°c the mixture was diluted with water (100 ml)
and ethyl acetate (100 ml). The aqueous solution was
saturated.with sodium chloride and extracted with

ethyl acetate (4 x 25 ml). The combined organic

}fractions were washed with saturated brine,(3 g 10 ml),

[

dried and'evapofated’to_give 2.95 g (932) of 79, homo-'

geneohs hy‘TLC (ethy; acetate—chloroform (1:1) Rf'z 0.1;

ethyl acetate, Rf =.. 8) One isomer fractionally
crystallized from chloroform in approximately lOZ

yield and proved difficult to recrystallize 'mp 181 -

182°C;. [a]D~ + 767 (c 0 1, acetone); IR (KBr) 3400
-1 1,

" em (OH,‘COEEé)g 1680 cm” (CONHZ);‘NMR (acetone-dé)

§3.50 - 3.90 (m, J , = 3 Hz, J.

7-6 77-6 = 3 Hz, J

7-71
H2.3,4,5,6° OH»

CH,C H.), 6.65 - 7.10 (bd, 2, CONR,), 7.3 (m, 10,

. _ A .
Celg)s MS m/e 388.1764 (1.46, M + 1, calcd for
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. ) + ,
C21526N06' 388.1760), 297.1l72 (3.45, M +1 - CH2C6H5),

. ‘ . + -
©296.1131 (23.03, M' - CH,CcHg), 281.1255 (0.72, M  + 1-

OCHZQGHS), 280.1190 (1.03, M OCH2 6 5)

’Anal. Calcd: for C21H25N06 C, 65.12; H, 6.46;HN,

-3.62. Found: C, 65.10; H, 6.39; N, 3.70.

N T T
3,6-Anhydro—4,5 di-O benzyl N z—isopropylidene 7-0-meth-,

anesulfonyl D- glycero D (alhaandzﬂtro)-heptonamide (82).

b

A solution ofvthe a- hydroxy amide (78) (4.26 g, Ll
mmol) in acetone was treated with perchloricoacid (0.6
ml of 702 solution) and allowed to stand at room ‘tem-
perature. After 4. 5 h the:-dark brown solution was
neutralized with concentrated ammonium hydroxide (solu—

tion turned pale yellow) and then concentrated to a

»vsyrup.- This residue was dissolved in chloroform (100

-~ ml) washed with saturated brine (3 x 10 ml), dried and

evaporated. The residue was co-evaporated with benzene
(20 ml) to give (81) as a syrup: MS m/e 428 (0.3, M 1),-
427 (0.8, M ), 412'(0 5, M -CH ), 336 (11.7, M CH c H5)
This syrup was dissolved in methylene chloride (SO ml)
-and pyridine (25 ml), cooled to 0°C. and treated drop—_
.wise with methanesulfonyl chloride (6. 27 g, 55 mmol)

in methylene chloride (25 ml) After 12 h at 0°C the -
mixture was treated with ice water (23 ml) and extracted
.with methylene chloride (3 x. 10 ml) v The combined

‘organic phase was washed'with.saturatedvbrine (3 x(b

L4

.

20 ml),
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A
dried, evaporated to a syrup and purified by chromato-~

graphy on silica (100 g, 12 x 4.5 cm) Elution with

solvent B, followed by ethyl acetate gave 5.1 g (92%)

-1

of 82 as a stiff syrup: IR (film) 3250 cm (CONHR),

1720 (CONHR), 1360, 1180 (SO3CH3); NMR (CDC13) 8§ 1.29

and 1.38 (s+s, ¢, C(CH isomer "A"),v1.39 and 1.42

3)2’ s
: npu . ' - - o
(s+s,.3, C(CH3)2, isomer' B"), 2.91 (s, 3, SO3CH3,

isomer "B"), 2.95 (s, 3, SO,CH isqmér>"A"); 3.70 -

3¥H3
4.60 (m, 11, sugar), 7.3 (s, 10, CgHs), 8.05 (bs, 1, -

CONHR, isomer "A), 8.42 (bs;‘l,'CONHR,'isomer "By
4s m/e 506.1857 (0.07, M'+1), "505.1774 '(0.15, ', .

calcq'forvfﬁSHéless:sos.ijiS; 491.1599 (0.18, M 41-
CH,), 49611550 (7.79, +—cn'§,r415 1267 (1.89, M +1-
cuzcsns), 414.1233 (9.32, M¥ CHZCGHS), 400. 1415 (0.0,

.M.+1ACH —CH H ), 399 1372 (0. 29, M -CH CH C_H ),;ﬁﬂ

3 3
309.0837 (o.75,_u +1-cu3 2CH,C(H,), 308.0800 (5.99,
.+‘ E )
MUCHS-20H,CRG) . L
- ‘ . v . Ty .
Anal. ‘Calcd for C25 31 8S. C, 59.40; 'H, 6.14; N,

2.77; S, 6.34. Found: C, 58.70; H, 6.27; N, 2.66; S,
6.53. - |
. \\—ﬂ\\ . o . . o )

3 6- Anhydro -4,5-di- 0- benzyl 7- deoxy -N Oz—fsopropyli—

dene D glycero-D- (allo and altro) heptonamide (84)

A solution of the 7-0~ mesyl derivative (82) (4. 55
b

g 0.9 mmol) in methyl ethyl ketone (250 ml) was

-treated with,sodium,iodide (2.7 g,‘18 mmol),vreflpxed
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for 20 h cooled and evaporated to a yellow paste.

This residue was dissolved in chloroform (150 ml) washed
with 5% aqueous sodium bisulfite solution‘(Z x 20 ml),t
saturated brine (2 x 20 ml), dried andfevaporated to
.giveS 0 g of 83 as a viscous syrup: MS‘m/e 538.1062
(0618’ M +l), 537.1020 (0719, Mf, calcd for 024H28N0 I
537.1012),.52§;0828 (0.23, M++l—CH‘),f522 0791 (0.60
ﬁ*-cn3), 446.0468 (2254, M -CH, nss, 431.0588 (0.35,
M'+1-0CH,C H,). | y |
'This syrup was dissolved in 98% ethanol’ (100 ml)
.treated'hdth triethylauine.(lﬂbml) and a ehip'of dry
ice,~and'hidrogenated atV15 psi over 5% Pd/c (SOb'mg).
Atter 6 hhthe mixture-was filtered and_evaoorated to a
. syrub; _The residue.was:disso;ved in chloroforu 6100 '
ml); washed with SZ:aquebus'sodium bisuifité_(Z»xllo nl),
saturated brine (2 x 10 ml),fdried andAevaporated.,The
product waS'ehromatOQraphed:ou silica (60 g, 3 X 18'¢m),.
elutingfwith“solvent G foliowedvby:eth§l acetate to |
a . ' :
give 3.04 g (82%) of 84 as a syrup: IR.(film) 1720 cm !
';(conn ) 3250 ! (CONH,); NMR (CDCL,) 5 1. 21 and 1.25
(d+d, J7 é =6 Hz, 3, Hy), 1.29.and 1.40, 1.40 and
‘-1 43 (4 sinélets,(ﬁ, C(GH )2, isomer a, isomer b), 3.4-
517 (m, 9, sugar and CH2 6H5)’ 7 35 (s, 10 C ),‘8,35

and.8.61 (bs, 1, CONHR); MS m/e 411 2049 (o 86, M,

'_caICd for C24H29N05 41122045),v396.1896 (0f97’

’cn3), 320.1483 (41, 26, M*-CHZ'GHS), 305.1612 (0.6, M -

-cni-cu,cﬂug), 214;1069~(30;54, M'-cquz.cubcﬁﬂq).
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. ;o .
Anal. Calcd for C24H29N05: ¢, 70.07; H, 7.05; N,

3.41. Found: C, 69.24, H, 7.30; N, 3.31.

P

Methyl 5,6—anhydrd—7-deoxy—4,Sfdi—g-benzyl—g-glycero;g-

®

- (alle and altro)-heptonoate (85)

.‘;//;‘, N A sdlution of the isopropylidene derivative (84)
\\~ '(1;03'g;‘2;5 mmol)'in MeOH (30 ml) was treated with

. ANGC (H ) resin (2 5 g) aud stirred under“?@flux. After 7

P A
v

10 h an additional 2 5 g of resin was added. After 30
h TLC revealed the reaction was complete (EtOAc/Skelly

"B" l.l’ produ}ét R = 0.7’ Startingj\{naterial R =

£ £ ,0'§)'
The mixture was filtered through ‘a celite pad, evapor—

svated to a syrup,vand purified by chromatography on
silica (50 gmn, 3 X 20 cm) Elution with solvent ‘H

followed by solvent B gave 680 mg (702) of 85 as a

-1 l

syrup. IR (film) 1745 cm (COZMe), 3540'cm (0OH) ;

" NMR (cnc} 3) 8 1;16»(d, Jg_q = 6.5'Hz;'3, H,,

‘JG,S Hz, 3, ﬁ%; isomer B), 2,95¥

‘isomer>A),.3.]2 (s, 3,

isomer .

A), 1. 19 (d,.3 T6-7

(bs,vl,AOH), 3.62 (s, 3, ocH,,
: OCHB, isomer! B), 3. 40 ? 4. 65 (m, :'sugarVand
ggzcsssy,'7.3o-(s, 10, c Ho)s MS m/e 386.1717 (0.06,. |

- + : .
. M, calcd for sz 26 6° 386 1730), 295,ll70v(23.24,

MomCeEd. Ll

Me:hyl'5;67anhydrof7;deq£y-4;s-dl-g—beﬁzylfz-g—méchane

'sulfdhylfg—glycero-g—(allo and albro)—heptonoate (§§)

]
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A solution of the a-hydroxy ester (85) (580 mg, 1.5
mmolj in methylene chloride (5 ml) aAdv5§ridine (5 ml)
at 0°C was treated dropwise with methanesulfonyl chlor—
ide (350 mg, 3 mmol) in methylene chloride (2 ml). The"
solution was allowed to stand at 0 C for 1 h,at room
-temperature for 3 h, and then vas trgate& with 1ice
water and extraéted witg chloroform (3 X 25 ml). ‘The
organic phase was washed with lN'hydrochloric écid
(2 X lO.ml), saturated aqugdus;soéiumﬂbicarbonate
‘(2 x 10 ml),.saturated brine (2 x 10 ml), dried and .
evaﬁorated to a sfrup;: This residue was purified bf
chroﬁatbgraphy on silica (Io‘é, 1.8 x;13 cm) , eluting
‘with solvent - ‘H to give 615 mg (882) of 86 as a syrup:
IR-(film) 1760 cm ; (CO CH3), 1362 and 1180v(SO39H3);
NMR (CDCl ) 6 l 17 (4, |

= 6,5 Hz, 3, H isomer

77
'isoméf B), 3.04

7 6

A), 1.19 (d? J, ¢ = 6.5 Hz, 3, H,

‘(s, 3, SO3CH3, isomer B), 3.14 (sf 3, SOBCH3,‘

A), 3.68 (s, 3, CO cn3, isomer B), 3.76 (s, 3, CO,CH
Zisomer A), 3.40 - 4f60.(m, 8, sugar ande6H5), 5.05

(4, £2'31=.2.$ Hz, 1, H,, i;omer A)z.j.lz (d, d, 3 =
3 Hz, 1, H 2,.1somer~n); MS m/e 373.0950 (26.05, Mt -
- CH,C,H caled for C. H, .0 _S: 373.0957).

276 5 16 21 8

Kéthyl 3,6-anhydro-7—deoxy—Z—Qemethahésulfdnyl—é,51‘

thiocarbonato-D~glycero-D-(allo and altro)-heptonoatF'

(88)
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A solution of the 4,5- di 0- benzyl a-mesyl ester
(86) (600 mg, 1.3 mmol) in 982 ethanol was hydrogenated
over 5% Pd-C (600 mg) at 100 psi in a Parr pressure
veéeel. After 48 h the mixture was filtered through .
celite and evaporated to giye 260 hg (qeantitative);Of
v§1 as a syrup.

This residue was dissolved- in acetone (10 ml) and
treated with- dimidazole thiocarbonate (1 1 g, 6 mmol).
After 40 h the solution was evapbrated The residue
was dissolved in ethyl acetate (30. ml)i washed with 0.5N
“hydrochloric acid (2 x 10 ml), saturated’ brine (2 x 10
ml), dried and evaporated., This residue was rapidly
chromatographed on silica (10 ¢, l 8 x 13 cm), eluting
- with solvent B to give 400 mg (952) of 88-as a syrup.

IR (film) 1760 cm™ 1 (co,cH oY uv (MeOH) max 237 nm;

2

NMR (cnc1y) 8 1.39 (4, g7_6 - 6 Hz, 3,

1.43 (d, £7-6‘= 6'Hzr 3, HZ’

SO,CH,, isomer B), 3.22 (s, 3, SO,CH,, isomer A), 3.82 +

(s, 3, cOo,CH ,visomer B), 3.84 (s, 3, co,.CcH isomer

7, ieomer A),

iSOmer B),_3112 (s, 3,

2°73 2773 ,
A), 4.00 - 4.3 (m, 1, H g)> 4-50 - 5.00 (m, 2, Hy and

H), 5.20 - 5.45 (m, 2, H, and H,); MS m/e 326.0125

2

(67.06, M*, calcd for c10 14085 326.0130).

Metﬁil 3;6-anhydro—4,5,74tii—deoxy—Z—Qfmethanesulfonyl—

egé(ribo'and'Qrabino)—hept—Afenoate (89)

A solution of the thiocarbonate sugar derivative =




| (C0,CH,), 1620 cm b (C=C); NMR (cel,) § 1.28 (4, J

4.95 (m, 1, Hy), 5.01 (d, J, , = 3 Hz), 5.30 (m, 1, H,),

116.

(88) (350 mg, 1.07 mmol)~in trimethylphosphite (5 ml)

was refluxed under nitrogen for 4 h, concentrated under

reduced pressure to remove excess trimethylphosphite,

an& rapidly chromatographed on silica (10 g, 1.8 x 13

" cm). Elution with solvent K gave 220 mg (82%) of 89 as

a clear viscous syrup. One isomer was fractionally

crystallized; from ether-Skelly "B" (~30%): mp 106 -
) 4] _l

a

107°¢; [a123 - 14° (c 0.1, CHC1,); IR (KBr) 1730 cm
q )
7-6

6 Bz, 37 H;), 3.13 (s, 3, S0,CH,), 3.82 (s, 3, CO CH,),

3 2

2-3 3

5.7 (m, 1, Bg), 6.00 (m, 1, H,); MS CI(NH,) 268 (1" + 1s),

518 (2m + 18).

Anel, Calcd for C9H14 6. C, 43.20; H, 5.60; Sf

12.80. Found: c,'43f27, H, 5°72;¢S» 12.44.

1,3;Dipheny%—2—(5—g-benzyl—2,3,Q-isoprbpy1idene-8—2-

- ribofufanosyl)1midazolidipe.(gg)

methylformamide (5 ml) at. 0° C under N,

A solution of the isopropylidene—arotected imida—
\

zolidine sugar (45) (3 96. g, 10 mmol) in dimethyl-t'

formamide (20 ml) was added to a stirred suspension
of NaH (960 mg, 50% Oil suspension,’ZO mmol) in di-

2 After‘1 h at

e

room temperature the solution was cooled to 0°C . and

treated dropwise with benzylbromide (2 38 ml, 3.4 £,
. . :
10 mmol) in dimethylformamide (10 ml) ‘The mixture
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was stirred at rooo temperature for 3 h, quenched;wlth
methanol (2 ml), and pour'ed lnto a mixture of methylene '
chloride (50 ml) and water - (50 ml). - The aqceous layer
-was ext;ected'with‘methylene chloride (3 x 25 ml). The"
.combined organic phase was washed with saturated brine
(10 mlL dried and evaporated to a white solid. This
solid was. crystallized from, methanol- chloroform to give
4.45 g (91%) of 90: mp 148 - 149°c; [d]D - 14° (e 0.11,
CHCL,); UV (MeOH) max 253 nm (e 31,800), shoulder 293

nm (€ 4,100); NMR (CpCl3f 8 1.24 and 1.38 (st+s, 3+3,
C(CH,),), 3.40 - 4.80l(m, 6, CH,CH,), 4.05 (q,

i5—6,6"é 5 Hz, 1,_H5), 4.25 - 4.40 (m, 2, HZ and HA);

4.50 (s, 2, ggzcsns), 4.63 (d of d, J = 5 Hz, J.= 6.5

Hz, 1, H,), 5.58 (4, = 2 Hz, 1, H)), 6.60 -~ 7.40

31-2
(m, 15, ¢, ), MS m/e 486. 2525 (0.47, M, caled for

. .
C30H34N50,: 486 2518), 471 (" -CH ), 380 (M'-CHy -

Ho), 223_(C15H15N2). | B
Analu Calcd for C30 34 y 4 c, 74?97;,5’ 6.99; N,

5.76. Found: c,’ 74.21; H,.7.21, N, 5.80.

.3,6-Anhydro-7—gébenzyl—4;5-9—isoprogylidene-g-glycero—

D-(allo and altro)heptonemide (21 and 92)

A Stirred solution of the 7-0-benzyl imidazolidine
sugar (90) (12 15 g, 25 mmol) in methylene chloride
‘(250 ml) at 0°C was treated with p- toluenesulfonic

acid. monohydrate £14.25 £, 75vmm01)-in acetone
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(50 'ml). After 15 min an additional 1 g of the acid in
acetone (5 ml) was added. Agter a total reaction time
of 20 min the mixture was dlluted with methylene chlor;
“ide (200 ml) and.filtered through a celite pad. The
filtrate was treated uith solid NaHCO3 (25 gy, refiltered
through celite and evaporated to a syrup. -This residue
was dissolved in 1,4- dioxane (250 ml) cooled to 5 C
and treated with sodium cyanide (18 g) and potassium car-
bonate (lélé) in water (250 ml). After 30 minm at'room
temperature the solution was cooled to 0°C and treated
dropwise with 30% hydrogen peroxide (125 ml) over a
period of 30 min. The mixture was stirred at 0°C for
an additional 30 min, (thereaction temperature slowly
rose .to 35 C then subsided) and was. then diluted with
water»(600 ml) (to dissolve ‘the solid precipitate) and
'nethyl acetate (250 ml). The aqueous-phase was saturated
jwith sodium chloride and extracted with ethyl acetate
(3 x 50 ml).' The combined organic phase was washed
wigy saturated brine (3 x 20 ml), dried concentrated
to approximately 10 ml and dlluted with ether (100 ml)
The solid that crystallized was filtered to give 3 65 g
(432%) of 91 (faster mlgrating isomer by TLC)

"Faster '1somer' mp 133 - l35°C;»[q]D + 39f:(év0,l,
CHC1,); IR (KBr) 1650 cm” " (CONH,), 3300‘4 3500 em” b
(QH, CONH )3 NMR (CDCY ) 6 1.31 and 1.50 (s+s, 3+3,

‘ C(CH )2% 3 53 and 3.73 (ABX | octet , ib-? - 3.2 Hz,
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Jg_gr = 2-7571;_ 50 = 12 Hz, 2, B, and Hy,), 4.10 - 4.75

(m, 11, sugar and CH)C¢Hg), 5.7 and 6.7 (bs, 2, CONH,),

7.3 (85 5, CH); MS m/e 338.1599 (0.78, M'+1, caled

17724 6 | .
(1.63, M'+1:CH,), 322.1308 (7.52, M'-CH,), 263.1290

for C, _H  NO_: 338.1604), 337.1539 (2.34, M%), 323.1341

2H,N0,).

Anal. Caled for Cl7H23NO6 C, 60.53; H,:6.82; N?

4-15. Found: C, 60.35; M, 6.93; N, 3.93.

The mother liquors were- concentrated and purified by
v.‘,\

chromatography on silica (50 g, 3 x 15 cm). Elution with

solvent B followed by ethyl acetate gave 3.67 g (431) of

92 as a syrup with " only a minor amounc (<5Z) of 91.

23
D

and 1.52 (s+s, 3+3), 3:56 and 3.76 (ABX, "octet"

"Slower" isomer: [a] - 10°; NMR (CDCl3)'6 1.32

Jg_y = 3Bz, I ;4 = 3 Hz, J; ;.= 12 Hz, 2, B, and Hy,),
4.10 - 4.75 (m, 11, - sugar and ca2 Hs),'6.3 and 6.7
(bs, 2, conﬁé), 7.3 (s, 5, )

fl

Cels) -

3;6—Anhydro—ZQQ-acety1-7—g-benzy144,S—Q-isoprdpylidénef

D-glycero-D-(allo and altro)-heptonamide (93 and 94)

evA'solucion of éhe a-hydroxy amide (91, 23) (11.8 g,
3.5 mmol) in oyridine‘(ZCO/ml)ka;10°C was’treated with"
acetic’ahh;dride‘(lo ml, 9.26 g, 9 mmol);: After.l‘h
at 0°C the solution»was allowed to stand at'room'cem-

perature for 12 h trea;ed with ice and diluted with
§

‘methylene chloride (250 ml). The organic phase was'A
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washed with 1N hydrochloric acid, 5% sodium bicarbonate
.éolution, saturated brine (3 x 25 ml), dried and evapor-'
‘ated to give 93 or 94 (13.6 g, quantitative).

" The "faster" migrating isomer (93) was obtained as

a viscous Syrup: [a]§3— 14° (c 0.1, CHC13); IR (film)
1700 cm™t (CONEH,), 1750 en”! (CoCH,), 3300 en”!

‘ (CONH, ) ;
NMR (CDC1,) 6 1.33 and 1.52 (s+s, 3+3, C(CHB)ZL 2.06

(s, '3, COCHy), 3.48 and 3.69 (ABX, "multiplet", J =

6-7
5 Hz, J.°., = 3.7 Bz, I, ;, = 11 Hz, 2, H; and H,,),
4.05 - 4.30 (m, 1,'H6),'4128 and 4.33 (d of 4, i3;2,=

.5‘5 3%, i3_4'-_3'2 H;; 1, H3), 4.52 (8,'2, E§206H5),

4.50.~ 4.65 (d of.d, J,_, = 3.5 Hz, 1, 35),.4.78 and
= 3,2 Hz,

4.81 (d of d, = 3.5 Hz, 1, H,), °

T4-3 2> d4s |
'5.23 (4, I, , = 5.5 Hz, 1, H,), 6.00 - 6.50 (bd, 2,

CONH,), 7.30 (s, 5, CgHy); MS mfe 379.1639 (0.33, M,

calcd for 019H2$

Anél. Calcd for 019H25N07:VC, 60.16; H, 6.59; N,

'3.69. -Found: C, 59.91; H, 6.57; N, 3.62.

NO,: 379.1631), 364.1393 (5.10, M -CH).

The "slower".migrating.isdmer«(gi) was obtained

L
23
D

(CDC1,) § 1.33 and 1.52 (s+s, 3+3, C(CH

as a viscous syrup [a]>”+ 21° (c 0.1,»CHC13)} NMR |

372 2.08 (s,
-7 = 4 Hzo 2, Hy g0),

4,00 - 4.25 (m, 1, Hg), 4.20 = 4.40 (m, 1, Hy), 4.52

3, COCH,), 3.00 (apparent d, J

2% 4 23
'(d,.g2_3 =" 4.5 Hz, 1, H,), 5.90 - 6.40 (bd, 2, CONH,),

(s, 2, CH,C H.), 4.60 - 4.68 (m; 2, H, and Hg), 5.25

7.31 (s, 5, CgHy).
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3,6-Anhydro-2—g-acety1—4,S—g—isopropylidene—g—glycero-

D-(allo and altro)-heptonamide (95 and 96)

A solution of the 7- 0 -benzyl-a-acetyloxy amide (93
or 94) (4.0 g, 10 55 mmol) in 98% ethanol (100 ml) was
hydrogenated over 52 Pd- C (2 g) at 60 psi. The reactiqn:
was monitored by TLC-(ethyllacetate, starting material
£ = 0.75, product R

£
. . o o
was filtered and evaporated to give 3.1 g (quantitative)

= 0.25). After 8 h the_mixture

of 95 or 96 homogeneous by TLC: MS m/e 290.1244 (3.5,

‘M, caled for C,,H, NO,: 290.1248), 275.0966 (13.99,

12%20%%7¢ A
M'+1-CH,), 274.0933 (100,‘M+~CH3), 232.0824 (24.25,
+ . . i ) i ' . v :
M'+1-CH,-COCH;). | : - .

3,6—Anhydro—2—gfecetyl—4,5—9—isooropylidene~7-g-methane—

:sulfonylegfglycero-g;(a116'end aloro)—heptonamide (87

-

ichromatographed on silica (50 gm, 3 x 20 cm), eluting

and }98) S : o

A solution of the_a—acetyloxyfamide (95 or 96) (5.0 -

.

[

g, 17.3 mmol)'invpyridine‘(SOIml) and CH,C1, (30 mljﬂf
at 6°C was treated dropwise with methanesulfonyl
chloride 4.0 g, 34 mmol) in methylene chloride (10 ml).
The solytion was left at 0 C for 8 h diluted with
methylene- chloride and pOured into ice water (25 ml).
The.organic phase was washed,with-satnratedvbtine l

(3 x 10 ml), dried and evaporetedL This’residue vas

»

hwith solvent B followed by ethyl acetate to give 5 6 g

Py . . ' X =



.o122.

(88%) of 21.0r 2§ as a.white foam. An analytical sample
of the fa;ter migrating isomér (97) was crystallized
froﬁ‘chloroform-etbef. The slower isomer (98) was
obtained as a white sblid foam. |

"Fastgr" isomer (97): mp 133 - 134°C;'[a]§3—'11°

(¢ 0.1, CHC1,); IR (KBr), 1180 cm L, 1260 cm” ! (80,CH,),

1 -1

1750 cm - (COCH,), 3400 cm = (CONH,); NMR (CDCL,) §

1.35 and 1.54 (s+s, 3+3, C(CH,),)»2.20 (s, 3, cbcu3),
3.06 (s, 3, SO,CH;), 4.10 - 4.40 (m, 4, Hy, Hy and

Hy g1)s 4.58 (d of 4, I = 4.5 Hz, J, o = 6.5 Hz, 1,

H ), 4.93 (d of d, ia_s =‘6,5.Hz§ g4_3 = Abﬂz, 1,‘H4),‘

Js;_ 4 = 4 Hz, 1, Hy), 6.0 - 6.5 (bd, 2, CONH,) ;

MS m/er368.1006 (lf04, M +1? calcd.forﬂC13H22N09$
+

368.1015); 352.0706 (100, M+-15), 323.0791 (0.92; M -

5. 32 d, J

| CONH,), 310.0604 (13.00, X *+1 - cu_-cocH 3)s 308.0809"

'3

(3. 48 H -CH —CONH )

3

Anal Calcd for C13HZIN09S ‘C, 42,50; ﬁ, 5.72; N,

3.81; 5,-8.72. Fouad: C, 42.54; H, 5.75; N, 3.92; s,
'8.81. R |

\

3

"Slover" 1somer'[a]2 + 14° (c 0.1, CHClB);”NMR

| (cDcly) 6 1.35 and 1.54 (s+s, 3+3, c(cH,),), 2.18

(s, 3, cocH, 2 3.04 (s, 3, SO,CH;), 4.10 = 4.70 (m, 6,

sugar), , 5.22 (d J,_ 5= 4 Hz, 1, H,),.6.05 - 6.40 (bd,

2, CONHZ)ﬂ
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3,6—Anhydro;2—g-acety —7—deoxy-4,S—Q—isopropylidene—g—

’ glycero;g—(allo and\alé?ﬁiiheptonaﬁide (101 and 102)
——f ‘

A solutioq ;f'the 7-0O-mesyd derivative (21 or 98) ) ) (J
(5.0 g, 13.6 mmol) in 2-butanone (édO ml) was tteated
with sqdiumiiodide (4.08 gm,.27.2 mtol) and‘stirred
undér nitrogen at reflux for 20 h,:to led and évator_
ated t6 a'yellow paste. 'Tﬁis tesidte'wa digsolved‘iﬁ
ethylvacetaté:(ZOO ml) aﬁ& 5% aqueo&s sodilyg bisulfite'

'

rated

(25 ml). The organic phase was washed with s
. brine (ZS‘ml),.dried,and_evapofated to give 5.5 g
(quantitative) of (99 @r 100) as a célorlessgﬁyrup:

MS m/e 383.9952,(54.42, M++i¢cu3;_¢a1cd for C,  H,  NOT:
383.9946). SI

This syrup was dissolved‘in 987% ethanol (ZOOIml,
treated with triethyl aﬁine'(s 51) and a ghip*of dty
‘igg, aﬁd hydrogenated;ovet 5% Pd1C‘(2,5 g)'ét 20 psi
in aTParr shéker.i Aftervlb h the reaqtion was filteted
through a celite pad and évaporétéd; The residue was
‘dissblvéd:in ethyi acetate (200 ml) and washed Qithﬂ
saturatea,briné (25 ml) céntéinihg'éodium bisqlfite
- (500 mg). vThe_aqueous phaée was extracted with ethyl
acetat; (3'x'20:ﬁ1);>'Thé combined organic phase was
dtied,:eQaporated,tand pdtified by'chromatOgraphy 6b

5ilica (50 g, 3 x 20 ém). Elution hithksplvent B,

followéd'by ethylvacetate'gaVe the desired pfoduct.



"Fasﬁer" isomer (101):
graphy was 3.5 g (942%) of
CHCl,): IR (film) 1690 cm

NMR (CDC1,) & I.27 (4, I

-1

7-

124.

The yield after chromato-

30°

(¢ 0.1,
1

23
[g]D

(CONH,), 1750 cm © (COCHy) 3

= 6 Hz, 3, H,), 1.36 and »

6

1.56 (s+s, 3+3, C(CH;),), 2.16 (s, 3, COCH,)," 3.98 (q,

= 6 Hz, J 5 Hz,

6-5
= 6.5 Hz,

J1-6

> Hz, J5_ 4 RO

4.88 (d of d,

3_
_and H3),
J

Ha), 5.28 (4,

, 2-3
CONH,)) .
06

M _CH3) ’ .

12H20N 274, 1292), 259.

(79.74, 216.0874

215.0787 (5.40, 5
CH,-COCH, ).

Anal Calcd for 012 19

5.13. Found: C, 52.37; H,
"Slower isomer (102).
graphy was 3.4 g (91%Z) of
NMR (cﬁq13) § 1.33 (d,
1.56 (s+s, 3+3, C(QHB)B),

6 Hz,rJ

dg-7 Jg-5 = 3 Hz»
Hé'and H ), 4.64 (d of 4,
B, 5.25 (4, 3y 5 = 4 Hz,

- gonuz);

3,
= 4 Hz,

MS m/e 274.1290 (1.24, M ti1,

M+—CH'—cocn3),

H NO

3,

1, I5_6 =

2, HS

He), 4.10 - 4.30 (m,

= 4 Hz, = 3.5 Hz,

LI'3--4
Hz,

= 6-5 3-5 HZ, l’

T4-3
6.3 - 6.6 (bs,

5

l’, Hz): ZH’ ‘

calcd for
1015 (9 91, M +1- -CH ), 258 0981

(5.77, M. +1 CH —COCH ),

3

214. 0720 (14. 42 M-—l—

6: Cs 52.75; H, 6.96; N,

7.11; N, 4.80%
The yield after chromato- -

[q}§3

= 6 Hz,

102: - 5° (c 0.1, CHC1,);

6. 3, 1.36 and

2.20 (s, 3, COEH,), 4.00 (g,

L,_Hs), 4.15 = 4.35 (m, 2,
fia-s.: 6 Hz,,i4,3 =~ 3 Hz, 1,
l, Hz)’vG'l - 6.5 (bs, 2H,
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3,6—Anhydro—74deoxy-4,5-2—isopropylidene-g-glycero—g—

‘(allo and altro)-heptonamide (103 and 104)

A solutioﬁ of the a-acetyloxy amide (101 or 102)
(4.0 g, 14.6 mmol) ., in methanol (100 ml) wasltreaggd,with
saturaféd methanolic ammoﬁia (100 ml), left at 0°C for
16;h, and- then evaporated to give 3.4 g (quantitative)
of a”whité qolid,,homogeﬁeous’ﬁy TLC (EtdAc,'starting'
matérial Rf é 0.5, product; faster igomer_ Rf = 6.26,

slower isomer Rf ~ 0.24).

"Féster",isomer (103)' “The SOlid was crystallized

from methanol-ether- Skelly "B" to give 2. 95 g (87%) of

103: mp 174 - 175°C; [a] - 10° (c 0.1, cHCl )5 IR
(KBr) 1650 cm © (CONH,), 3300 - 3400 (CONHZ, OH); NMR
(DMS0-d,) & 1.19 (d, I, = 7 Hz,'3,%H7),.1.22-and

1.41 (s+s, 3+3, C(CH3)2); 3.7 - 4.8 (m, 5, sugar),

, . ) . | v
"5.7 (d; 1, OH), 8§ ~7.25 (bs, 2, CONH ); Ms m/e

232.1186 (1.88, M'+1, caled for c NO.: 232.1185),

» 1018405
231.1111 (0.75, M'), 217.0908 (8.87, h++1—cu3), 216.0874
(84.21, Mf-cu3), 188.1009 (2.49;~M++l~CONH ,)s 187.0978

(23.06, M'-CONH,), 174.0760 (6.32, M'+L-CONH ~CH,),

1y
174.0691 (20.91,vM++l-CONH21CH3), 157.0861 (100 M-
C,H,NO) . | |
Analg.Calgd fo: C;OH17N05:”Q, 51.95; va7'36; N,x'

6.06.. Found: C, 51.49; H, 7.265 N, 5.71.
"Slower" iépmer'(lO&);v The solid was,ﬁr§;falliiéd
‘fromichlorofd;m—ethérfSkelly'"B“:to give 2.76 g (82%)

a



,crystalllne 105: mp 104 - 105 o [q]

of 104: mp 102 - 103°C; [alg3- 15° (¢ 0.1, CHCl,); NMR

(DMSO-d ) & 1,16 (d, J._ = 7 Hz, 3, H,), 1.24 and 1.42

7-6

(s+s, 3+3, C(CH),), 3.7 - 4.8 (m, 5, sugar) 5.5 (d, 1,

0H), & ~7.15 (bs, 2,rconn ).

Anal. Caled for C, H, NO_: C, 51.95; H, 7.36; N,

6.06. Found: C,51.90; H, 7.63; N, 5.99.

3,6—Anhydro—?—degxy—4,5—0—isopropylidene—Z—O—methahef'

sulfonyl -D- glycero -D~- (allo and altro)- heptonamide

'(1 5 and 6) v

A solution of the:a—hydrOXy amide (103'or.104)

(2.31 g, 10 mmol) in pyridine (25 ml) and methylene

> : . 4 .g:’

bchloride (10 mi)‘at70°C was treated dropwise with‘

methanesulfonyl chlorlde (5.7 g, 50 mmol) in methylene
¢

,chlqride (10-ml). After 4 h at 0°C the solution was .
.treated with a chip of ice, diluted- with ethyl acetate

(150 ml)f waShed with saturated'brine (3 x 10.ml);."

dried and evaporated to a’ syrup. This residue was

chromatographed on’ silica (50 g,_3’k ZOfcm), eluting

’

-with solvent A followed by ethyl acetate to give ‘2. 6

g (842) of (105 or 106) y f'l”
£

"Faster 3lsomer (105)’ The residue was cryStal+

'lized from ether Skelly ”B“ to glve 2, 15 g (69 ) of

23+ 9 ( 0.1,

_CHCl ), IR (KBr) 1630 cm ~(CONH ); NMR (CDCl ) ¢

1. 32 (4, 57_6,= 6 Hz," 3, Hy), 1. .36 .and 1. 52 (s+s,

343, C(CH),), 3.15 (s, 3, SO CH3), 4.00 (q,~ _

3 6-7

126.



Ao o 127,
-{6_5 o~ 6*HZ,‘ l, H6),' 4-15 - 4-95 (m, 2, H
4.81 (d of d, J, ¢ = 6.5 Hz, J, 4

5.13 (d, X, 5 = 3.5 Hz, 1, H,), 6.25-and 6.7 .(bs, 2,

3 and Hg),

. ='4 Hz, 1, Ha),'

CONH,); MS m/e 295.0677 (10.27, M +1-CHY, caled for '

_3’
o. o, +
1oH17N°7S' 296.0716),‘294.0651‘(83.65, M'-cuy),
157. 0860 (16.37, M'- N s).
Lo : g;" .
Anal. ca: i a5
nal. Calcd for C,,H,NO,S: C, 42.72; H, 6.15; N,

_4.535 s, 10.36. Found: C, 42.60; H, 6.08; N, 4.27;
s, 10.25.. . S ¢

s Y
o

“Slqher" isomer: (106 )- The product was cfystallized.j

_as above to give 2.4 g (922) of 106. mp ‘143 -’144°C;

[a1§3 35° (¢ 0.1, CHC1,); ‘NMR (CD01 ) 0 1.32 (dy I, =

6 Hz, 3, Hy), 1.36 and 1.52 (s+s, 343, C(GH3)2)’ 3.17

(s?'3,_SQ3CH3), 4., 02 {m, 6 7 iG 5 =‘6_Hz,11, H6),*
4.20 - 4.35 (m, z,'u3 and Hg), 4.80 (a’of a4, J, 5= 6.5
1.1:?:_14_3_,.4 Hz, 1, HA), 5190 (dy I, 5 = 4 Hz, 1, Hy)s
- 6.25 and 6.7 (bs’, 2, CONH,). _ _ o N

3,6-Anhydro-2-azido-2,7-dideoxy-4,5-0-1isopropylidene-.

24glycero—2—Kallq and altro);hepfonamide»(107 andﬁEOB).

A golution ofvthg a-mes{late ahide (105 or 106).
(2.31 g, 7.5 mmol) in dimethYlformamide,was tfea;ed_
"with lithium azide.(1;85 g, 38 mmol) and stirred at

80°C for 5 h. Thé mixfh:é was concentrated to a

¥

o
yvellow paste,,dissolvgd in-éthyl acetate'(lOQ;ml)’.

vashed'with saturate§ Br}né (3 x 10 ml);'dfied ande*;

. o



‘Hz, 1, Hy), 4.60 (d of d,
| H,); MS m/e 241.0934 (6
CoH..N,0,: 241.0937),

(1.23, M'-N

: .(c o 1, CHC1 3 'NMR (cnc1 ) a 1.36. (4,

 4.90 (=, 4, “H,

Y ’ . E : - 128,
evaporated. The residue wes chromatographed on silica
(25 g;”z.z x 18 cm), eluting with solvent B followed

by ethyl aeetete to give the desired product.

- "Fester" isbmer (107)4 " The yield after chromato-

o ——

- graphy was 1.77 g (93%) of solid 107. An analytical

sample of 107 was,crystallized from‘ether—Skelly "B":
mp 126 - 127 c; [al2®- 32° (¢ 0.1, CHCl,), IR (KBr)

1600 cm~ (conn ), 2120 cm” 1 - (N3), 3300 - 34oor(CO§g2);

NMR (CDCL,) & 1.31 (4, J. = 6.5, 33/H;)’ 1.34 and

7-6

1.52 (s+s, 3+3, C(CH),), 4.00 (q, 3¢ ;= d¢ o = 6.5

, A ,
Hz, 1, Bp), 4.26 (d, J,.; = 4Hz, 1, H,); 4.27 -(t,

2-3

Js_¢ = d5_, = 6.5 Hz, 1, H ),

442 (t, I, o= I, . =4

.41, Mt cu3 caled for

.
o"13%0% 14,1981_(48.10 M -N;), 199.0836

3 7.0863 (93.99, M -C N40)

Anal. Caled‘fo

2 3

louuwo4 C, 46.87; n,,a.zs; N,

"CHB)'r

21, 88. Found'c 6 .59 ; u 6.50, N 22.06.

“Slower" is mer (108) . The slower migrating isomer

was crystalliz/ﬁ\\gpm ether to give 1 8 g (942) of

e108.~mp 114 --116°C. An analytical sample was re-

crystallized;frOm ether“~mp7119v- 12»0°C"[0L]23 - 84°

d7-6 "
3 H ;)s 1.34 and 1. 51 (sts, 343, C(CHy)5), 3. 90 -

A= 6 5 Hz,_u

.3. HS and‘H6), 4 79 (d of d, J4 5

, 5é5 Hz, I, = 3,Hz; 1,¢H4), 6.0 and:6.4 (bs, 8, CONHz)g

~
./// '



129. "

Vi

Anal. Calcd for C10H16N404:

21.88. Found: C, 47.23; H, 6.55; N,_21.50.

C, 46.87; H, 6.25; N,

Metﬁyl 3,6-anhYd1072—azido-2,7—dideoxy-gjg%ycero—2 (allo

o

and altro)-heptonoate (109 and 110)

A selution of the a-azido amide (107 or 108) (1.5
8, 5.8 mmol) in methanol (50 ml, dry and distilled) was
stirred at reflux with ANGC(H+) resin (5 g). After 4.5
h an additional portion of resin (5 g) was addedfte che
‘refluxing mixture. After a total reflux eime,of 9 h the
mixture was filtered us@ng a celite pad, .evaperate&, and
chromatographed over silica (20 g€, 2.3 x 12 cm) ‘Efu-
tion with solvent B followed by ethyl acetate gave 1.l5_
g (85%Z) of 109 or 110 as a stiff syrup.

"Faster" isomer (109) [a]§3~

-1

62° (e 0.1, CHC1,);-IR

j(film) 1740 cm (cozca3), 2120 c¢m~ ! (N,) ;" NMR .(CDCL,)

§ 1.31 (d, 3, . = 6 Hz, 3, H7),'3.5 -~ 4.4 (m, 7, sugar,

OHY, 3.84 (s, 3, CO,CH;); MS m/e 213.0749 (2.38, ¥*-n,0,

, . +.
calcd for C8H11N304 213 0749), 117.0549 (98.44, M -

€3H4N30,) - | ol T
| Anel. Calcd fo:»C8H13N303 c, 41.56;-H, 5.63; N,
18.18. Found: C, 41.08; H, 5.72; N, 18.08.

23

4 "Slewer" isomer (llO)i [a]D +‘4f (c 0.1, CHC13);

NMR (cnc1 ) a 1.31 (d 3, 6 = 6 nz,‘a, H,), 3.5 - 4.4 7

: (m,‘7, sugar and OH), 3.82 (s, 3,‘C02CH3). . ‘ -
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Methyl 3,6—anhydro—2—agido—2,7-dideoxy-2,3-_;;hiocarbon—

.ato—g—giycero;gl(altro and‘allo)—heptonoaté (111 and

~

12).

——

‘A solution gf the G—azido-ester (109 or 110) (1.15 g,
5 mmol)}ip acetbné (50 m1) wasvtreated-with diimidazole
thiocarbonate (1L.78 g, 20 mmol) and stirred at room
temperature. After 12 h TLC. (EtOAc/Skelly: "B" 1:1,
staf?ing material Rf = 0.5, product.Rf = 0.70) revealed
the reactién‘was completef' The solvent was‘evaporated,
the residue diésolved in ethyl acetate (100 ml) and |

‘ washed with lN hydrochloric acid (2 X 10 ml), 'saturated

0.

brine (3 x 20'm;), drigd apd evaporated.' This residd‘;
was dissqlvéd.iﬁ éther;(SO ml) and rapidly filtered
through silica (5 g). The silica was washeduwith
’eéhef (ZOvml) and the'gomﬁined ether solutions were
evaporafed -to give 1. 25 g (922) of 111 or 112. The
faster moving isomer was isolated as a solid. _Tﬁe

slower migrating isomerAwas.recovered:as a stiff syrup.

(B

"Faster isomer”" (111): A sample was crystallized

from ether-Skelly b 2L mp"95 - 96fC; IR (FT) (XBr)

1750 cn™ ! (CO,Me), 2120 em™ L (N SE (MeOH) max 238 nm

'Nnnv(cnc13) 8 1;43"(d, 6 Hz, 3, Hy), 3.84 (s, 3,

i7;6

,C020H3), 4.QZ'(d, £2;3 é 3.5 Hz, H ), 4 13 (m,

‘26_7. £6-s =.6 HZ,'l,’H6), 4.55 (¢, £3_4 - 3 0 HZ,

, = 3.5 Hz, 1,‘H3); §.85.(d qf d, £5i§4',$ Hz,
- J '  = 6.0 Hz, 1,-u5), 5.32_(d of d, J, 5 = B[Hz’

4
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J, 4 = 3.0 Hz, H); MS m/e 273.0420 (100, Mt caled for

: . . . R 127.039
C9H11§3QSS 273.0420), 159.0155 (;3 40, £), 7
(20.07, g), 83.0494 (26.53, c).

"Slbwer“isomer (112): this isomer was isolated as a

1 1

" viscous syrup:'IR‘(Nujol) 2120 cm (N3), 1745 ecm .

. (COZCH3); v (MeOH) 238 nm; NMR (CDCls) 5 1.44 (d, £7;6 =
6 Hz, 3, H7), 3.84 (s, 3, COZCH3), 4.14 (q, i6—7 =£6_5-=

=2-3 '
= 3.5 Hz, 1, B,y), 4.82 (d of 4,

6 Hz, 1, H), 4.38 (d, I = 3.5 Hz, 1, H,), 4.51 (t,

B

o

= 6.0 Hz, 1, H.), 5.34 (d of d, I, "=

8 Hz, 25-6

= 3.0 Hz, 1, H,); MS m/e 273.0422 (100, M,

I3-4
oz, 3,5 7 3.0 8 .
| | : . . 9.10, £),
caled for Gy N,0.8: 273.0402), 159.0115 (19.10, ),

127.0397 (8.33, g), 83.0497 (25.41, c).

2-(R and S)-amino-2-[2,5-dihydro-5(R)-methylfuran-2(R)-

yllethanoic acid (113 and 114)

A solution of thefhiqcarboﬁgte Sug;rv(lll or‘liZ) .
(273 mg, 1 mmol) in trimeth&lphoéphite (25'm1)‘w§s- | |
stirred at reflux for 14 h.undér nitrogen;_cooled and
evaﬁorated to a syrup. Th;s-gésidﬁe wés saponified
" with adueous ig.sodium'hydroxide (Zonml) at 90°C for
0.5 h, cooled to‘o°c7ang,ac1d1f1ed to pH = 2 wi;hi.
aqueous 1N hjdrochlbfié‘acid.,’ihis,solutiqn'was
gppiiedAto a(coiuﬁﬁ'of ANGC(H+) fesiﬁ,(ZO'g) and the

column was washed with 0.1N hydrochloric #Cid (100 ml)



.ﬁ

‘_‘57 4 (c ), 83 6 and 84.6 (c3,c ) 125 1 and 136w)(c

132.

followed by water (200 ml). The'prodﬁct was eluted with -
O.SE ammdpium hydroxide and the ninhydrin positive'frac—
tions were collected and évaporated to give 50 mg (32%)
of ;li or 113 as a tan célored solid. By allowing a
solution of 114 1n acetonitrile-methanol to slowly
evaporate, this prOduct_was obtained as a white mibro—

crYstalline solid: mp 175 - 178 c (d), [a] -50° (¢ .

5,0), [aly = -8° (¢ .1, 1N HCl), IR (Rujol) 3000 cm™t

(NH3+), 1630 cm * (coz); 1590 em™ Y, 1460 cm ) and 1380

cm‘l; C.D. (¢ 1 mg/ml, 1N HC1 and 6N ﬁCl)*

(91516

+2,200; ORD (¢ ~1 mg/ml, 6N HC1), = 1,100: NMR

[¢1,,,

(100 MHz) (D,0) & 1.38 (d, I, ¢ = 6.5 Bz, 3, H)), 3.93

, 3, 5= 3 Hz, 1, B), 5.02 (a, 1, H*>. 5.34 (m, 1,

H,), 5.92 and 6.20 (ABX, JA 5 = 6 Hz, 4 3" P Hz,

= 1.5 Hz, 2,

I ¢ H, 5)5 NMR (200 unz) (0,0) § 1.34

(d, 3, = 6.5 Bz, 3, H,), 3.81 (d J, 4 = 3 Hz, 1,
H,), 4.95 (m, I, = 6.5 Hz, Jg.5 = 2 Hz, J. . = 0.5 Hz,
PR 2, Jg_ 5 = 0 n;} 1, Hg), 5.24 (m, 4, , =

3.0 Hz, 3y /= 2.5 Hz, Iy 5= 1Hz, 3, = 4;5'3;, 1,

H,), 5.82 ad/ 6. 10 (ABX J4 5 = sjnz;_gd_3 = 2,5 Hz’. |

= 2 Hz, 2, 'H, and H,); NMR (400 MHz) (D,0) § 1.34

Is-6 ,
(d, 3, ¢ - 6.5 Hz, 3, A 7)» 3.88 (d, I, 4 = ? Hz, 1, H,),
5. 01 (m, 1, H ), 5. 31 (m, 1, H ),‘5 87 and 6 15 (d,.
4 and HS, 13C NMR (D 0) (ppm from Me Si) 21 2 (CH ),

5) . .
1

|

It



=34

T © 133,

and 172.0 (CO,H).
 The:a-aﬁiﬁo diasteredmér 113 was. recovered as a

tan colored solid: mp 185 - 190 C; [0.]23= +21° (¢ .1, 1N
s e D -

HC1: optical rotation calculated for a mixture of 113"

(82%) and 114 (18%), [+35° (119, Joullid) %.0.82 = 28°] +

‘»lps° (1145 this work) x 0.138 = -1] = +27°; CD (c ~1 mg/ml

=7-6

6.5 Hz, 3, H;), 4.06°(d, J, . = 4 Hz, 1, Hy), 5.06 (m, 1,

H6),'5.36 (m, 1, H3), 5.77 and 6.18 (ABX,

1N. HC1l) -[8] = +1700; NMR (100 MHz, D ,0) 8 1. 38 (4, 4. .

14_5 =7 Hz,

J = 2 Hz, J = 1.5 Hz), NMR (200 MHz, D,0) § 1.28

ds5_6 L4353

(dy 376 =7 Hz, 3, Hp), 3.99 (d, I, ;= 4 Hz, 1, H),

5.00 (m, 3¢, =7 Hz, I o = 2.5 Hz,

= 0 Hz, 1, H), 5.30 (m,

= 1 Hz, J =

J6-4 6-3

26-2 £3_2 = 4 Hz,.
J, , = 3 Hz, Jy5 = 1 Hz, Iy o= 4.5 Hz, 1, H;), 5.70
and 6.12 (ABX, J, _ = 6.5 Hz,

4.5 Hz, J
&

J4 3 =»3 HZ',*‘”J5 6 = 2.5 .

H,, B, NMR (400 MHz, D 0) § 1.31 (4, I, ¢ =

(6.5 Hz, 3, H;), 4.06 (4, I . - CEz, 1, H,), 5.02 (m,

1,‘n6), 5.32 (m, 1, ng;, 5.72 (4, 1, By, 6.14 (d, 1,

Hz ,. 2'3

H), e mr (0,0) pf& 20.9 (c;), 56.9 (C,), 84.0 and

183.6 (Cy and C,), 122.9 and 136.3 (é%7and.cs).

_2(S)-Amino 2 [tetrahydro S(R)-methylfuran-Z(R) yl]-

ethanoic acid (115)

— R ,
A solution of our synthetic cis producf (114)

.

,(5 mg, 0 03 mmol) in vater (5 ml) was hydrogenated

. over SZ Pd C (5 mg) at aCmospheric pressure for 10 h,.‘
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filtéred through celite and evaporéted”to give 115 (5
mg) as a solid; CD (e = 2 mg/ml, 6N HCL) [6],,, = +2,000;

NMR (200 MHz) (D,0) § 1.22 (d, 3, H.), 1240 = 2.20 (m,
2, B, 5) 3:65 (4, 1, Hy), 3.70 - 4.50 (m, 2’1H3,6)f
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